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PREFACE 


This  research  was  motivated  by  a  desire  to  improve  the 
techniques  available  to  the  tactical  communicator  for 
predicting  the  performance  of  his  troposcatter  systems. 
Improving  upon  the  classical  prediction  techniques  was 
recognized  from  the  outset  to  be  a  very  broad  area  of  study. 
Therefore,  the  first  task  of  this  research  was  to  analyze 
the  general  troposcatter  propagation  problem  in  enough 
detail  to  identify  specific  areas  for  possible  improvement. 
This  initial  analysis  proved  to  be  much  more  time  consuming 
than  expected  but  did  result  in  a  suitably  narrow  topic  for 
detailed  study:  a  modified  scattering  loss  model. 
Subsequent  problems  with  the  available  path  data  prevented 
the  evaluation  of  the  coefficients  in  the  model,  however. 
As  a  result,  this  research  has  fallen  short  of  providing  an 
improved  prediction  algorithm  to  the  engineer  in  the  field. 

evert  iieless,  I  believe  that  the  potential  for  such 
improvement  has  been  adequately  demonstrated  and  that  a 
promising  area  for  continued  research  has  been  identified. 
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ABSTRACT 


This  tl' search  investigates  transmission  loss 
predictions  ror  a  short  range  tactical  troposcatter  radio 
system.  The  analysis  is  based  on  the  AW/TRC-97A  radio  set, 
but  the  conclusions  reached  should  apply  to  similar 
troposcatter  systems  operating  at  irequencies  from  4.4  to 
5.0  GHz  and  over  distances  of  160  km  or  less.  A  general 
analysis  of  Che  troposcatter  path  is  performed  to  determine 
the  sensitivity  of  the  transmission  loss  to  the  various 
plienomena  which  contribute  to  the  loss.  That  component  of 
the  loss  which  is  unique  to  the  scattering  process  is 
studied  in  further  detail  and  a  modified  scattering  loss 
model  is  developed.  A  procedure  for  determining  the 
coefficients  of  the  scattering  loss  model  based  on  observed 
transmission  loss  is  described.  A  preliminary  analysis  of 
the  path  data  available  for  this  research  is  performed.  It 
is  found  that  the  received  power  probability  distribution 
for  tile  observed  pat.hs  does  not  agree  with  the  tlieoretical 
distribution  in  all  cases.  Furtiier,  tlie  available  path  data 
is  seen  to  lack  sufficiently  detailed  path  geometry 
information  to  complete  the  analysis  of  the  scattering  loss 
model.  Recommendations  concerning  data  requirements  and 
continued  research  are  offered. 


INTRODUCTION 


I  . 


Backoround 


Early  researcliers  generally  beliovod  that  practical 
radio  systems  operating  at  VHF  trequencies  and  above  were 
limited  to  line  oi  sight  applications.  Diffraction  by  the 
e  a  r  t  ii  '  s  surface  was  the  only  :a  e  c  ii  a  n  i  s  lu  w  ii  i  c  h  was  recognized 
to  support  propagation  beyond  the  horizon  at  these 
frequencies,  and  dil fraction  theory  predicted  an  exponential 
decrease  in  signal  strength  with  distance.  With  the 
development  of  radar  during  World  War  II  and  of  television 


lollowing 

the 

war, 

the  body 

of  observed  data  on 

sue 

h  systems 

expanded 

rap 

i  U  L  y  . 

As  the 

data  accumulated 

a  s 

urprising 

result  be 

gan 

to  emerge:  the 

signal  level  beyond 

t  ii  e 

horizon 

was  often  much  greater  than  that  predicted  by  diffraction 
theory  alone.  The  phenomenon  which  produces  this  signal 


enhancement 

has 

since  c  orae 

t  o 

be  known  as 

scatter 

propagat  ion 

and  may 

take  place  in 

the 

troposphere. 

in  the 

ionosphere,  or  beyond.  The  subject  of  this  research  is 
scattering  within  the  troposphere,  known  as  troposplieric 
scatter,  or  simply  troposcatter. 

Troposcatter  communications  systems  are  nov;  in  common 
use,  albeit  within  a  fairly  narrow  range  of  applications. 
They  are  most  suited  to  situations  requiring  high  quality, 
multichannel  communications  beyond  the  horizon,  where 
intervening  terrain  is  not  readily  accessible.  Distance 
between  ground  stations  ranges  from  approximately  80  to  800 


1 


km,  with  typical  operatin^^  frequencies  between  0.1  and  10.0 


GOz.  Permanently  installed  troposcatter  systems  are  found 
in  civilian  as  well  as  military  applications,  wiiile 
transportable  troposcatter  systems  are  widely  used  by 
today's  military  forces.  Although  the  fixed  and 
transportable  systems  share  the  same  basic  operating 
principles,  fixed  systems  are  generally  characterized  by 
greater  transmitted  power,  larger  antennas,  and  longer  radio 
path  distances.  Transportable  troposcatter  systems  are 
designed  for  rapid  deployment  in  support  of  tactical  ground 
forces  and  are  generally  vehicle  mounted.  Transportable 
systems  are  constrained  to  less  radiated  power  and  smaller 
antennas,  and  consequently,  shorter  communications  range. 

The  ability  to  accurately  predict  the  performance  of  a 
troposcatter  system  prior  to  its  installation  is  essential 
to  the  effective  employment  of  these  systems.  The 
importance  of  tliese  predictions  is  particularly  accute  in 
tiie  case  of  tactical  sy,  terns  which  must  often  be  installed 
in  unfamiliar  terrain  in  the  shortest  possible  time. 

P  r  o  b  Lem 

Present  troposcatter  performance  prediction  methods 
produce  results  which  are,  in  the  majorit;.’  of  cases, 
consistent  w  1 1  li  observed  performance.  Tiiere  remain  a 
significant  number  of  cases,  however,  where  considerable 
disparity  e  i  s  t  s  between  p  r  t>  d  i  c  t  e  d  and  o  b  s  i-  r  v  e  d  p  e  r  1  o  r  m  a  n  c  e  . 
Furtiierroore,  inaccuracies  in  the  predictions  seem  to  be 


particularly  pronounced  for  the  short  transmission  patlis 
encountered  by  tactical  systems.  The  purpose  of  this 
research  is  to  investigate  the  accuracy  of  present 
troposcatter  performance  prediction  methods  when  applied  to 
short  range  tactical  troposcatter  systems. 

Scope 

The  predominant  tactical  troposcatter  system  in  the  Air 
Force  inventory  today  is  the  .•\K/TRC-97A.  This  is  a 
24-channel  system  using  a  frequency  modulated  carrier  in  the 
range  from  4.4  to  5.0  GHz.  The  ma.xinum  output  power  is  1000 
watts,  producing  a  maximum  range  of  approximately  160  km  in 
the  troposcatter  mode.  The  TRC-97A  is  also  capable  of 
operating  in  line  of  sight  and  obstacle  gain  diffraction 
modes  over  shorter  distances. 

This  research  is  limited  to  performance  prediction  for 
the  TRC-97A  operating  in  the  troposcatter  mode.  The 
alternate  line  of  sight  and  diffraction  nodes  are  not 
considered.  Also,  study  is  limited  to  "normal"  tropospiieric 
scatter  propagation;  anomalous  propagation  piienomena  such  as 
superre tractive  ducting  are  not  considered. 

In  predicting  how  a  troposcatter  system  will  operate, 
several  parameters  may  be  of  interest.  Characteristics  of 
the  received  noise  are  generally  of  concern  and  the  delay 
characteristics  of  the  received  signal  may  be  important, 
particularly  for  digital  systems.  In  ail  cases,  it  is 
necessary  to  predict  tlie  level  of  the  received  signal.  Tliis 
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study  is  limited  to  predictions  of  the  received  signal 
level,  or  alternatively,  the  transmission  loss  along  the 
path. 

While  this  research  is  concerned  specifically  with  the 
TRC-97A,  the  results  should  be  applicable  to  other  systems 
operating  in  the  same  frequency  range  and  over  similar 
paths. 

Approach  and  Presentation 

The  stated  problem  is  a  very  general  one:  methods  of 
transmission  loss  prediction  presently  used  to  engineer  Air 
Force  tactical  troposcatter  systems  are  less  accurate  than 
desired.  How  can  this  very  general  problem  statement  be 
translated  into  terms  specific  enough  to  begin  some 
analysis?  Consider  some  additional  facts.  The  predominant 
tactical  troposcatter  system  in  the  Air  Force  inventory 
today  is  the  AN/TRC-97A.  Two  published  path  prediction 
methods  are  used  with  the  TRC-97:  Air  Force  Communications 
Service  Pamphlet  100-61,  Volume  II,  and  Technical  Order  T.O. 
31R5-2TRC97-12.  Both  of  these  methods  were  derived  from  the 
prediction  procedures  contained  in  the  National  Bureau  of 
Standards  (N3S)  Technical  Note  101.  Tactical  troposcatter 
path  predictions  are  therefore  based  on  NBS  Technical  Note 
101  . 

The  technical  note  presents  a  somewhat  complex  model  of 
the  troposcatter  path.  At  tile  time  that  the  model  v;as 
developed  (and  still  today),  theoretical  explanations  of 
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Croposcatter  propagation  could  not  fully  account  for  tlie 
transmission  loss  wiiteh  was  observed  over  actual  paths. 
Empirical  adjustments  were  incorporated  into  the  model  to 
insure  the  best  agreement  with  available  path  data.  Note, 
however,  that  the  TRC-97  operates  in  the  frequency  range 
from  4. A  to  5.0  GHz  and  with  a  maximum  range  of 
approximately  160  km.  The  measured  path  data  which 
influenced  the  NBS  model  were  predominantly  from  lower 
frequencies  and/or  longer  distance  paths.  It  is  possible 
that  different  empirical  adjustments  would  have  resulted  if 
path  data  more  representative  of  the  TRC-97  had  been  used. 
If  so  then  two  possible  approaches  come  to  mind  for 
improving  the  correlation  between  the  TRC-97  performance  and 
the  model:  (1)  rectify  those  theoretical  deficiencies  which 
made  empirical  adjustment  necessary  in  the  first  place,  and 
(2)  modify  the  adjustments  so  they  are  tailored  to  the 
TRC-97  . 

The  latter  approach  is  adopted  in  this  researcli. 
First,  the  general  characteristics  of  the  troposcatter  path 
are  described  in  Section  II.  Next,  a  general  model  of  the 
path  is  developed  in  Section  III.  The  "classical"  path 
moaels  are  described  in  Section  IV  and  compared  with  tne 


e  n  e  r  a  1 

path 

model  in 

Section  V. 

Section  VI  tailors  tii 

general 

model 

to  the 

TRC-97A. 

Finally,  a  modi  in.' 

scatter 

1  n  g  1  0  s 

s  model  is 

invest i g  a  t  ed 

in  Section  VII. 

II.  THE  TROPOSCATTER  PATH 


The  troposphere  is  the  lowest  portion  ol  the  atmosphere 
and  the  region  in  which  virtually  all  weather  phenomena 
occur.  While  the  boundries  between  atmospheric  regions  are 
indistinct  and  highly  variable,  the  troposphere  is 
customarily  considered  to  extend  from  the  surface  of  the 
earth  to  an  altitude  between  10  and  20  km.  The  composition 
of  the  troposphere  is  essentially  tliat  of  the  air  at  ground 
level,  although  the  density  varies  with  altitude  and 
meteorological  conditions.  By  contrast  with  the  ionosphere 
(approximately  50  to  500  km),  free  ions  do  not  exist  within 
the  troposphere  in  sufficient  quantities  to  affect  radio 
wave  propagation.  Relative  to  troposcatter  radio 
propagation,  the  most  significant  characteristic  of  the 
troposphere  is  its  high  degree  of  turbulence. 

Present  tlieoretical  explanations  of  the  tropospheric 
scattering  phenomenon  do  not  completely  account  for  the 
observed  results.  Further,  researchers  in  the  area  do  not 
fully  agree  on  the  underlying  physical  mechanism,  so  several 
theories  exist.  The  earliest,  and  probably  most  widely 
accepted  theory  is  based  on  turbulent  scattering  in  a  medium 
which  IS  non homogeneous  in  all  dimensions  (see  for  example 
Ref  3).  Other  theories  are  based  on  a  scattering  medium 
having  a  layered  structure  (nonhomogeneous  in  two 
dimensions)  or  a  number  of  other  specialized  cases  of  the 
nom homogeneous  structure.  It  is  very  likely  that  the  true 
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structure  is  more  complex  than  that  proposed  by  any  of  the 
prominent  theories.  In  any  event,  this  research  does  not 
directly  depend  on  a  precise  statement  of  the  scattering 
mechanism. 

The  important  geometric  parameters  in  the  troposcatter 

path  are  illustrated  in  Figure  1.  The  smooth  earth  distance 

between  transmitting  and  receiving  stations  is  d.  The 

distance  from  the  transmitting  station  to  its  radio  horizon 

is  d  ^  and  the  distance  from  the  receiving  station  to  its 

radio  horizon  is  d, 

1  r 

The  altitudes  of  the  transmitting  and  receiving 

stations  are  given  by  h  and  h  respectively;  the 

t  g  r  g 

altitudes  at  the  center  of  the  transmitting  and  receiving 

antennas  are  h  and  h  .  The  altitudes  at  the  two  radio 
t  s  r  s 

horizons  are  given  by  and 

6  and  0  are  the  elevation  angles  (angle  relative  to 
e  t  e  r 

the  local  horizontal)  of  the  transmitting  and  receiving 
antennas  respectively.  The  angles  and  8^  represent  the 

elevation  angles  of  the  transmitting  and  receiving  antennas 
relative  to  a  straight  line  between  the  two  antennas.  The 
scattering  angle  9^  is  the  angle  through  which  the 
transmitted  signal  must  be  scattered  in  order  for  it  to 
reach  the  receiving  antenna.  The  quantity  ho  is  the 
distance  between  the  straight  line  between  antennas  and  the 
horizon  ray  crossing  point.  The  effective  earth's  radius, 
a,  is  that  imaginary  value  which  would  permit  tlie  normally 
curved  (because  of  refraction  through  tlie  atmosphere)  radio 


7 


rays  to  be  represented  as  straight  lines,  and  is  a  function 
of  the  true  earth's  radius  and  the  radio  refractivity. 
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III. 


A  GEUERAL  PATH  MODEL 


The  first  major  research  goal  is  to  obtain  a  suitable 
model  of  transmission  loss  along  the  troposcatter  path. 
Ideally,  the  model  will  be  in  a  form  that  can  be  related  to 
the  prediction  methods  presently  employed  by  Air  Force 
engineers.  Ideally,  the  model  will  also  remain  as  general 
as  possible  in  order  for  tlie  research  results  to  have  the 
widest  applicability. 

As  pointed  out  in  the  previous  section,  the  most 
notable  characteristic  of  the  troposcatter  path  is  its  great 
variability  in  both  ttme  and  space.  Thus,  to  be  fully 
characterized,  the  path  must  be  modeled  by  a  stochastic 
process.  The  path  model  developed  here  begins  at  an 
elementary  level  with  an  emphasis  on  the  distinct  phenomena 
which  influence  the  path.  Initially  the  model  is  so  general 
that  random  influences  are  not  easily  distinguished  from 
deterministic  influences.  Therefore  a  preliminary  algebraic 
model  is  developed  first.  Only  at  this  point  is  it  clear 
precisely  what  the  path  influences  are,  and  whether  or  not 
they  are  random  influences.  Then  the  algebraic  model  is 
transformed  into  a  stochastic  model,  taking  account  of  the 
random  influences  previously  identified. 


10 


The  Algebraic  Path  Model 


Begining  in  very  simple  terms,  the  relation  between 
transmitted  power  and  received  power  along  the  path  can  be 
expressed  as 

P=P+G+G-L  (1) 
r  t  t  r 


where 


P^  =  received  power,  dbm 

P^  =  transmitted  power,  dbm 

G^  =  effective  transmit  antenna  gain,  db 

G  =  effective  receive  antenna  gain,  db 
r  ® 

L  =  system  loss,  db 

The  effective  antenna  gains,  G^  and  G^,  can  themselves 
be  expressed  as 


and 


=  Sf  ^  ^t 


(2) 


where 


G 

r 


G  . 

r  t 


+  L 

gr 


(  3  ) 


G^^-  =  transmit  antenna  gain  in  free  space, 

relative  to  an  isotropic  radiator,  db 
G  -  =  receive  antenna  gain  in  free  space, 

relative  to  an  isotropic  radiator,  db 


1  1 


L  ^  =  transmit  antenna  aperture -me  drum  cuuplin;; 

loss,  d  b 

L  =  receive  antenna  a p e r t u r e -me d i um  coupling 
loss,  d  b 

The  free  space  isotropic  antenna  gains,  and 

are  the  measures  of  antenna  gain  most  frequently  stated  in 
manufacturers'  literature.  Tliis  measure  of  gain  assumes 
that  all  components  of  tiie  t  r  a  n  sm  i  s  t  t  e  d  signal  arrive  at  the 
receiving  antenna  from  the  same  direction  and  in  phase 
coherence,  as  would  be  the  case  if  tiie  antennas  were 
operating  in  free  space.  When  the  antennas  are  in  a  medium 

other  tiian  free  space  this  coiierence  of  tiie  signal  is 

subject  to  distortion.  Over  a  troposcatter  path  components 
of  the  transmitted  signal  may  be  scattered  from  any  point 
within  the  scattering  volume.  The  signal  arriving  at  the 
receive  antenna  appears  to  originate  at  a  large  number  of 
points  within  the  scatter  volume,  all  at  different  angles  to 
the  antenna  centerline.  The  gain  of  the  antenna  is  reduced 

wiien  the  received  signal  arrives  from  a  direction  otiier  tiian 

along  the  antenna's  centerline.  Tiie  net  effect  of  tiiis 
noncoherent  signal  on  the  antenna  can  be  represented  as  a 
reduction  in  its  free  space  gain,  and  is  generally  referred 
to  as  aperture-to -medium  coupling  loss,  or  loss  in  antenna 
gain. 

The  system  loss,  L  ,  represents  the  c  o  m  b  i  n  i' d  e  i  ;  e  c  t  o  i 
several  distinct  phenomena  on  the  t  r  a  n  sm  1 1  t  e  vi  s  i ,,  n  a  1  .  For 
tiie  troposcatter  patli  it  appears  tiiat  all  oi  tin’  loss 


c  o I'.i p o  n e n  t  s  ^  a n  a  o  a  c  c o  u ii  t  a  i  r  ay  L  ;i  a  a x p  r  i' s  a  i  u  ii 

L=L.  +  L+  L  >L+L  (-») 

IS  s  1)  a  e 

w  h  e  r  e 

L  =  s  y  s  t  em  Loss,  J  b 

L-  =  Lree  space  loss,  Jb 

I;  s 

L  =  scatceriny  loss,  Jb 

s 

L.  =  c round  rerlection  loss,  db 
n 

L  =  absorption  loss,  db 

L  =  equipnenc  loss,  ub 

Free  space  loss,  is  the  reduction  in  power  density 

of  an  expanding  wavefront  with  distance  as  it  travels 

through  free  space.  Scattering  loss,  L  ,  is  tliat  loss  which 

s 

is  attributable  to  the  scattering  phenomena  witliin  the 

troposphere.  The  ground  reflection  loss,  L,^,  occurs  wiien 

signal  components  reflected  from  the  terrain  in  the 

near- field  of  the  receive  antenna  arrive  at  the  antenna  out 

of  phase  with  the  direct  components  to  cause  partial  signal 

cancellation.  The  absorption  loss,  L^,  results  wlien  signal 

energy  is  dissipated  as  heat  when  the  signal  interacts  witii 

tile  molecules  within  the  atmosphere.  The  equipment  loss, 

L  ,  ts  that  loss  wi;  ich  occurs  between  t'ne  transmitter  and 
0 

transmit  antenna,  and  between  tlie  receiver  and  receive 
antenna. 

C  o  m  b  t  n  1  n  ; ;  E  q  s  (  1  )  ,  ( 2 ) ,  ( 3 ) ,  and  ( 4 )  gives 

1  3 


r 


P  +  (G  .--L  )  +  (G--L  ) 


C  I 


r  t 


-(L-  +  L  ■’■L  +  L  +  L) 

IS  s  n  a  e 


(  5) 


Rearranging  Eq  (5)  into  the  somewi.at  more  mnemonic  form 


(Power  Difference)  =  (System  Gains)  -  System  Losses) 


gives 


P  -P  =G.+G.-(L  +L 


1 1  r  I 

+  L 


r  s 


L  +  L,  +  L  +  L) 
s  n  a  e 


(6  ) 


The  Stochastic  Path  Model 


Discussion  to 


t  h  i  1 


point  has  introduced  the 


nondeterministic  nature  of  the  troposcatter  path.  Such  a 
characteristic  is  not  surprising  when  the  variability  of  the 
scattering  medium  is  considered.  In  the  previous  section,  a 
p h e nomena -o r i e n t e d  path  model  is  developed  without 
attempting  to  account  for  the  random  characteristics  of  the 
path.  This  approach  is  appealing  from  the  standpoint  of 
siraplicity  and  emphasis  on  the  general  physical  phenomena 
whicli  affect  the  troposcatter  transmission.  Indeed,  as 
development  of  the  algebraic  model  was  begun  (Eq  (1)), 
received  power  was  characterized  simply  as  a  function  of 
transmitted  power,  antenna  gains,  and  nonspecific  system 
losses.  Without  some  further  knowledge  of  these  system 
losses,  discussion  ot  random  influences  is  not  very 
satisfying.  Working  from  Eq  (6),  however,  the  losses 


associated  with  specific  physical  phenomena  can  be  isolated 


and  til  a  randomness  appropriate  to  these  piienomena  can  be 
introduced. 

In  attempting  to  differentiate  between  random  and 
deterministic  influences,  one  is  quickly  confronted  witii  a 
dilema:  if  observed  in  sufficient  detail,  any  physical  event 
can  be  considered  random  in  some  respect.  However,  the 
randomness  of  certain  factors  may  be  on  such  a  small  scale 
relative  to  other  factors,  that  tiie  randomness  may  be 
ignored  without  significant  loss  of  accuracy.  This  is 
assumed  to  be  the  case  for  several  terms  in  the  troposcatter 
path  model.  Following  are  the  notation  conventions  which 
are  used  for  random  quantities. 

The  random  variable  whose  possible  outcomes  are 

{C,-  -1 . •;} 

is  given  by 


X(  -) 


which  IS  generally  simplified  to  X  when  clarity  is  not 
compromised.  The  value  which  the  random  variable  X  takes  on 
for  a  specific  outcome  ^  ^  is  represented  by  the 
deterministic  quantity  or  more  simply,  x.  The 
distribution  and  density  functions  of  the  random  variable  X 


are  given  oy 


F  (x)  and  f  (x) 

X  X 


respectively,  and  are  generally  simplified  to  F(x)  and  f(x) 


The  stociiast'-C  process  representing  a 


1  am  1  1  V 


which  is  generally  simplitied  to  X(t). 

Consider,  then,  the  algebraic  path  model  given  by 
Eq  (6).  The  received  power,  P^,  is  a  function  of  the 
remaining  terms,  and  derives  its  randomness  from  them. 

The  envelope,  or  average  transmitted  power,  P^,  is 
assumed  to  be  constant  for  a  given  radio  path.  Since 
frequency  modulation  is  almost  universally  used  as  the  RF 
modulation  technique  in  troposcatter  systems,  envelope  power 
IS  independent  of  the  modulating  signal.  Fluctuations  in 
the  output  power  due  to  varying  equipment  parameters  are 
considered  to  be  negligible. 

The  free  space  antenna  ^ains,  and  G  are 

1 1  r  r 

functions  of  the  size  and  siiape  of  the  antennas,  as  well  as 
the  operating  frequency.  Thus,  for  a  particular  antenna, 
free  space  gain  depends  only  upon  frequency.  Furtiiermore, 
tile  range  of  possible  operating  frequencies  of  a  g  n 
troposcatter  system  is  norm. ally  narrow  enougli  that  variation 
in  free  space  antenna  gain  is  c  only  considered  to  be 
negligible  (see  for  example.  Ref  1:  5.20);  such  an 


assumption  is  made  here. 


In  Che  previous  section,  it  is  shown  tliat  the 
aperture -mediura  coupling  losses,  L  and  L  ,  are  a  result 

O  ^  O  t 

of  scattering  of  Che  transmitted  radio  energy  within  the 
troposphere  and  the  resultant  noncoherence  of  the  energy 
when  it  reaches  the  receiving  antenna.  The  scattering 
mechanism  has  already  been  shown  to  depend  on  a  number  of 
highly  variable  parameters  of  the  troposphere,  such  as  wind 
velocity  and  refractive  index  gradient.  Thus,  it  is 
intuitively  appealing  to  consider  ciie  scattering  mechanism 
to  be  represented  by  a  stochastic  process,  and  it  will  be 
seen  that  such  a  representation  is  well  born  out  by  other 
researchers.  Even  if  this  were  not  the  case,  however,  no 
generality  is  lost  by  a  random  process  representation. 
Denoting  Che  scattering  mechanism  by  ciie  stochastic  process 

S  (  t  ,  :,  )  or  S  (  t  ) 

then  Che  aperture -medium  coupling  losses  can  be  expressed  as 
functions  of  free  space  antenna  gain  and  the  scattering 
process  ; 


L  (  t  )  =  g  ,  t  G  S  (  t  )  ] 

~  g  C  1  1 1  .. 


(  7  ) 


L  (t)  =g,[G  p,  S(t)] 

~gr  °1  rf  _ 


(  S) 


The  free  space  loss,  can  be  expressed  as 

-I  2 


'  f  s 


And 


(  9) 
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where 


d  =  path  Length 

\  =  wavelength  of  transmitted  signal 

and  d  and  X  are  in  Like  units.  (Ref  5:  101)  Making  use  of 

the  equality 

c 

X  =  -  (10) 

f 

where 


\  =  wavelength 
f  =  frequency 
c  =  speed  of  light 


an  alternate  expression  of  the  free  space  loss  is 


(11) 


The  speed  of  light  is  constant  and  the  frequency  is  taken  as 

the  carrier  frequency  of  the  radio  system,  which  is  also 

assumeo  constant  for  a  given  path.  The  path  length, 

however,  clearly  varies  as  a  result  of  the  scattering; 

components  of  the  transmitted  radio  energy  whicli  are 

scattered  from  different  points  within  the  scattering,  volume 

will  in  general  travel  different  distances  to  reach  the 

receiving  antenna.  The  sensitivity  of  L.  to  variations  in 

f  s 

d  caused  by  this  scattering  depends  on  the 


g  e  o  ra  e  t  r  y 


o  1  t  II  e 


radio  p  a  t  ti  .  For  the  present,  however,  the  l  r  e  e  space  loss 
IS  taken  to  be  a  lunction  oi  ttie  operating,  Irequencv  and 
e  t  I  e  c  t  1 V  e  path  length,  i)  (  t  )  : 

L  ^  (  t  )  =  g  „  I  t  ,  D  (  t  )  1  (12  1 

where  the  etrective  path  lengtii  is  in  turn  a  t  unction  of 
horizon  ray  path  distance,  d,  and  the  scattering: 

D ( t  )  =  g  2  I  d ,  S  (  t  )  1  (13) 

3y  deiinition  the  scattering  loss,  L,  is  that  portion 

ot  the  transmission  loss  whicli  is  directly  attributable  to 

the  scattering  mechanism.  As  a  minimum,  then,  L  would  be 

s 

expected  to  be  a  lunction  or  S(t).  .As  is  shown  in  tlie  next 

section,  ocher  researchers  generally  agree  chat  L  can  be 

s 

expressed  in  terms  ot  path  length,  trequency,  scattering 
angle,  and  relractivity.  It  is  there tore  postulated  that 

L  (  c  )  =  „  ,  I  1  ,  D  (  t  )  ,  .3  (  t  )  ,  M  (  t  )  ]  (14) 

■«».  ■+  —  -w 

where 

I  =  :  r  e  q  u  e  n  c  y 

D ( t  )  =  path  length 

*3  (  t  .1  =  s  c  a  t  I  e  r  I  n  ;  angle 

N ( t )  =  radio  relractivity 

D  (  t  )  can  in  turn  be  i-  x  p  r  e  s  s  i?  u  as  a  lunction  o  1  the 

horizon  ray  path  length,  d  ,  and  t  ii  e  scattering  process,  as 

, i V  e  n  by  2  q  (13). 

1  ■> 


SiniilarLy,  B(t)  is  a  i  unction  oi  horizon  ray  scattering 
angle,  B,  and  scattering: 

B  (  t  )  =  g  ^  1  B  ,  S  {  t  )  1  (15) 

-  o  _ 

and  N(t)  IS  a  i  unction  of  radio  refractivity  along  tiie 
horizon  ray,  and  the  scattering: 

( t )  =  g  ^  I ,  s  ( t )  1  do) 

The  ground  re i  lection  loss,  L,^,  is  basically  a  function 

oi  frequency  and  the  geometry  of  the  path.  As  has  already 

been  seen,  however,  the  path  geometry  is  dependent  upon  the 

random  variations  in  the  scattering  process.  As  a  minimum, 

then,  it  appears  justified  to  treat  the  ground  reflection 

loss  as  a  randoni  process  itself,  Lj^(t).  Rice,  et  al.  (Ref 

9:  9. 3-9. 4)  have  derived  an  expression  for  this  Loss 

expressed  in  terms  of  frequency,  path  length,  scattering 

angle,  antenna  heights,  and  antenna  elevation  angles.  Based 

on  these  results,  L,(t)  can  be  expressed  as 

~  h 

L  (t)  =gg[f,  D(c),  B(t),.i(t),  :;(t),  h  ,  li  ]  (17) 

-.n  o  ^  ^  ^  —  CGrG 

w  ti  e  r  e 

f  =  frequency 


D(  t  ) 

=  path  length 

e(  t ) 

=  scattering 

angle 

u(t) 

=  radio  wave 

departure  angle 

••’  ( t ) 

=  radio  wave 

arrival 

angle 

^  t  e 

=  effective 

transmit 

antenna 

20 


h  =  effective  receive  antenna  height 

re  ° 

In  this  expression,  D^t)  and  0(t)  are  as  given  above  and 
arrival  angles  depend  upon  the  scattering  mechanism  and  the 
center-ray  elevation  angles  of  the  transmit  and  receive 
antennas,  and  ,  respectively: 

i(  t )  =  ggl  a^,  S(  t )  1  (Id) 

(  C  )  =  ^  ,  n  (  .  S  (  t  )  1  (19) 

Atmospheric  absorption  loss  depends  upon  frequencv 
(certain  frequencies  are  more  readily  absorbed  tiian  others), 
path  length,  and  density  of  the  atmosphere  along  the  path. 
As  above,  path  length  depends  upor  the  scattering  process 
(Eq  (13)).  The  atmospheric  density,  D,  is  similarly 
influenced  by  many  of  the  same  factors  which  produce  the 
scattering  phenomenon.  The  absorption  loss  then  can  be 
expressed  as 

L^(  t  )  =  8^  i  [  t'  ,  D(  t  )  ,  1>^(  t  )  1  (  20  ) 

where 

f  =  frequency 
D(t)  =  path  length 
D^(t)  =  atmospheric  density 

and  D  (t)  is  itself  a  function  of  tlie  scatterin;;  process: 

-  a 


D  (  t  ) 


A,o[S(t)) 


(21) 


The  equipment  loss,  L^,  represents  losses  within  tlie 
transmittinji  and  receiving  equipment,  and  is  composed 
principally  of  waveguide  losses.  It  is  assumed  that  for  a 
equipment  configuration,  this  loss  is  constant. 

Combining  the  above  results  gives  the  following 

stochastic  model,  which  parallels  the  algebraic  model  in 
Eq  (  0  )  : 

P{t)-P  =GtG-|L  (t)+L  (t) 

~  r  t  1 1  r  1  _  „  t  .  g  r 

+L^it)+L(t)+L.(t)+L(t)+Ll 
^£s  _s  ^n  _a  i‘ 

Nothing  lias  been  said  thus  far  concerning  tile 
statistic-s  of  tile  various  random  quantities  discussed  above. 
This  IS  the  subject  ot  further  discussion  in  Section  VI  as 
tile  general  model  of  Eq  (112)  is  tailored  to  tile  TRC-97. 

Based  on  tiie  functional  reiationsliips  described  above, 
ii  o  w  e  V  e  r  ,  one  would  expect  t  ii  e  statistical  dependence  a  in  o  n  c 

tile  terms  f  E  q  (22)  to  be  r  a  t  ii  e  r  complex. 


THE  CLASSICAL  PATH  MODELS 


IV  . 


Several  path  mod  els  have  been  raencioned  so  far.  The 
iiiodel  in  AFCSP  100-bl  (Vol  II)  is  primarily  derived  from  the 
MBS  model,  but  it  contains  an  additional  term  taken  from 
another  model  published  by  the  International  Radio 
Consultative  Committee  (CCIR).  Ttie  model  in  T.O. 
31R5-2TP.  C9  7-12,  also  known  as  tiie  Collins  model,  is  also 
baseu  on  the  MBS  model,  but  it  contains  additional  terms 
derived  directly  from  experiments  witli  the  TRC-y7.  In  fact 
tnere  is  a  small  family  of  models  which  are  similar  in  form, 
yet  are  considered  in  the  literature  to  oe  more  or  less 
distinct  models. [1] 

Following  IS  a  brief  description  of  these  models,  wit'n 
a  summary  appearing  in  Table  I  on  page  31.  The  models  are 
stated  using  tiie  notation  in  which  they  were  originally 
published. 


1 

j 


!  1  i 


' )  t  ii  i.'  r  model:,  exist  w  il  1  c  h 

to  D  e  excluded  1  r  o  ni  t  il  1  s 

11  h  1  1  s  il  e  u  0  V  ii  s  o  il  e  (  i’.  e  1 


dill'-r  suit  icie  nil 
I  .ii:i  i  1  V  '  .  Mo  t  a  1)  1  e 
7  :  I)  7  - .1  . 


in  :  o  r  m  a 

1  t  .1  e  1  1  o  vl  e  1 


;  j  B  s  ;  1  o  d  o  I 


L(0 . 5 )  =  30  lo-  1  -  20  log  J 

+  F(,ed)+F  +il  +A  -Via)  (23) 

o  o  a  e 

where 

L(0.5)  =  long-term  median  transmission  loss,  ub 

i  =  Ireqaency,  MHz 

d  =  path  L  e  n  g  t  ii  ,  km 

F{0d)  =  attenuation  i unction,  db 

F  =  scattering  otticiency,  db 
o 

H  =  trequencv  gam  runction,  db 

J 

A  ^  =  a  t  m  o  s  p  n  e  r  L  c  a  d  s  o  r  p  t  i  o  n  ,  d  b 
V  (  d  )  =  c  1  1  j  t  J  1  o  g  1  c  a  J  i  a  c  r  o  r  ,  a  b 

This  model  was  developed  at  tiie  Central  Radio  Propagation 
Lauoratory  ol  the  Matronal  Bureau  >)  i  Standarus  (MBS)  and  is 
p  r  o  b  a  b  I  V  t  ii  most  widely  known  and  u  s  e  u  m  o  u  v-  1  today.  It  is 

t  n  e  b  a  sis  lor  B  S  Te  c  n  n  i ..  ,i  1  M o  t  e  1  i>  1  (Pel  a  _  j  o  )  ^  ,j  t)  ]  ^  ^  ji g 
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C  C I R  Model 


L( 50 )  =30  log  f  - 

20  log  d  +  F(ed) 

-G  -  V  (  d  ) 

P  *2 

where 

G  =  G  +  G  - 

P  t  r 

.07  exp  [.055  (C  +G  ) 
t  r 

and 

(24) 
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F  (  ed  ) 
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V(d  ) 
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long-cerra  median  transmission  loss,  db 
frequency ,  MHz 
path  length,  km 
attenuation  function,  db 
effective  antenna  gain,  db 
clioatalogical  factor,  db 
transmit  antenna  free  space  gain,  db 
receive  antenna  free  space  gain,  db 


The  model  published  by  the  International  Radio  Consultative 
Committee  (CCIR)  (Ref  8:  200)  was  adapted  largely  from  the 
h'BS  model.  The  CCIR  simplified  the  MBS  model  by  eliminating 
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where 
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L(  50  ) 
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G 

t 

G 
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=  124.6  +  30  log  r  +  30  lo-  6 

lo!id  +  f(H)-.08(:i  -  3  23  )  -  G  (25) 

s  p 

20  log  (5  +  .311)  +  .65H 

( Sed / 4) 

(  43^/  (  1  +  )“ 

di/d, 

G  +G  -  .07  e.\p  [.055  (G  +G  )] 
t  r  t  r 

long  term  median  transmission  loss,  db 

frequency,  MHz 

pa  t  h  1  eng  t  h ,  km 

surface  radio  refractivity 

effective  antenna  gain,  db 

scatter  angle,  radians 

distance  from  the  horizon  ray  crossing 
point  to  the  transmitting  antenna,  kr.i 
(see  figure  1) 

distance  from  the  horizon  ray  crossinc 
point  to  the  receiving  antenna,  km 
(see  figure  1) 

transmit  antenna  free  space  gain,  db 
receive  antenna  free  space  gain,  ub 


T  'll  I  ri  r.i  o  a  e  1.  ii  :i  s  'o  e  n  j  ii  v  e  1  o  p  e  d  by  t;  ii  ci  People  s  R  c  p  u  b  i  i  c  o  l 
CiiLiia  (.PRC)  .uia  is  pablishud  by  t'lie  CCIR  (Rol  3:  201)  as  an 
alLernate  laothod  ol  Lraiisaiission  loss  prediction. 

o  r  c  o  n  Model 


L.  =  30  lo^  I  +  30  log  d  +  ;0  log  t)  -  F  (s) 

D  la  s  °  V 

+  F  (.  I  B  ,  1  )  +  H  [  (  n  /'ll]  +  :1  i  t  n  /  '  ) '  ] 

V  OC  te  or  re 

-  .15o  (1!  -  30  8  )  +  1  26  (  26  ) 

s 

where 

L,  =  long-cerai  nedian  transmission  loss,  db 
b  m  s 

t  =  r  r  e  q  u  e  n  c  y ,  MHz 
d  =  path  length,  statute  miles 
6  =  scatter  angle,  radians 
F  (s)  =  asvminetrv  :  unction,  db 

V 

F(rB,l  )  =  blob  size  correction  factor,  db 

V 

H  1  (  ii  /  \  )  ‘  ]  +  il  [  (  h  /  1  )  -'M 

ot  te  or  re 

=  frequency  gain  function,  db 

;j  =  surface  relractivitv 
s 

1  il  e  Morton  model  (Ref  4:  44)  is  tue  earliest  of  this  ,,  r  o  u  p 
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Tiiib  appears  Co  ae  precisely  tile  suDstitution  made  ay 
a  u  C  ii  o  s  of  T  e  c  ii  n  1  c  a  I  I!  o  t  e  101. 

Rider  Model 


L ,  =30  1  o ; 

on  s 
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Ion;.; -terra  median  transmission  loss, 
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path  length,  statute  miles 

scatter  angle,  radians 

asymmetry  function,  db 

blob  size  correction  factor,  db 
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ot  te  or  re 

=  frequency  gain  function,  db 
1!  =  surface  refractivitv 


Although  this  is  referred  to  as  the  Rider  model  in 
of  the  literature  it  is  more  accurately  described  as  Rid 
modification  to  the  Norton  model.  Rider,  working  wit 
different  set  of  experimental  data  than  that  wiiicii  No 
had  used,  found  that  better  agreement  between  his  data 
the  model  could  be  achieved  if  the  coefficiLMit  ol 
refractivity  term,  (il^  -  308  ),  were  changed  from  .15b 
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ill) 
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some 
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h  a 
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( Rei  11:  203-210). 


Veil  Model 


L  =  57  +  10e  +  20  1oiid  +  30  1og2 

P 

-  .  2  (  :j  -310) 
s 


w  li  e  r  e 


=  long-cerra  aedian  transmission  loss,  db 
=  scatter  angle,  degrees 
=  path  length,  statute  miles 
=  frequency,  MHz 


=  surface  relractivity 


Yeh  developed  his  model  (Ref  14:  193-198)  to  provide  a 
reasonably  accurate  yet  simple  alternative  to  the  more 
cumbersom  methods,  such  as  the  NBS  model.  This  method  has 
the  most  pronounced  empirical  basis  of  t!iose  considered 
iiere,  and  its  simplicity  appears  to  be  gained  at  the  expense 
of  some  potential  accuracy. 


.3FCSP  100-61  Model 


L=301ogf-201ogd+F(ed)+H  +A 

o  a 

+  90  -  V(d  )  -  .07  exp  [.055  (G  +  G  )] 
e  t  r 


w  li  e  r  e 


long  term  transmission  loss,  db 


i  =  frequency,  GHz 


d  =  path  Length,  Icia 

t(9d)  =  attenuation  1  unction,  db 

11  =  froquencv  ,tain  t  unction,  db 

0 

A  =  atmospheric  absorption,  db 

V(d  ''  =  clinatalogical  factor,  db 

e 

=  transmit  antenna  free  space  gain,  ab 
G  =  receive  antenna  free  space  gain,  db 

This  model  appears  in  AFCSP  100-61  (Ref  1)  where  it  is 

presented  in  a  tabular  worksheet  form.  The  algebraic 

expression  ot  Eq  (29)  is  not  specifically  stated  but  rather 

incorporated  into  the  worksheet.  The  model  is  essentially  a 

combination  of  the  NBS  and  CCIR  models.  The  AFCSP  100-61 

model  incorporates  all  of  the  terms  of  the  NBS  work  except 

F  ,  which  is  omitted.  To  this  is  added  an  aperture -medium 
o 

coupling  loss  term 

.07  exp  [  .  0  53  (G^.  +  G^)  ] 

which  is  taken  from  the  CCIR  model.  The  constant  term,  90 
db,  results  from  expressing  the  frequency  in  GHz  rather  than 
nil  z  ,  1  .  e  . 

30  log  =  30  log  f^,^^  .  90 

AFCSP  100-61  (Vol  II)  is  intended  for  use  by  Air  Force 
engineers  in  designing  all  types  of  troposcatter  systems. 
The  method  it  presents  is  considerably  more  complex  than 
that  ^  i.v  en  in  T.O.  31R5-2TRC97-12  specifically  for  the 
T  R  C  -  9  7  A  . 


30 


Co  1  1  1 11  s  Model 

The  Collins  niodel  is  chat  'ahich  is  incorporated  into 
the  All/TRC-97  technical  orders  (Ref  12).  It  is  the  most 
specialized  of  these  models,  having  been  tailored  lo  a 
particular  radio  set.  As  it  appears  in  tlie  technical  order 
It  is  entirely  a  graphical  method.  The  underlying 

analytical  basis,  ho  v;  ever,  is  the  MBS  model. 
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20  log  f 


+  20  log  d 


+  92.4 


(32  ) 


L.  =  20  log  +  20  log  d  .  +  36.6  (33) 

t  s  MHz  °  m 1 

Subtracting  the  free  space  loss  from  Eq  (30)  then  gives 


L  =  10  log  f,,,,  -  40  log  d,  +  F(ed) 

s  MHz  kia 

-F  -V(d)-32.4  (34) 

o  e 

Stating  the  attenuation  function,  F(0d),  in  analytic  terms 
provides  further  insiglit  into  the  basis  of  L  .  Defining  the 
path  assymetry  factor  as 


s  = 

c  o 


wiiere  the  angles  and  are  as  given  in  Figure  1,  F(0d) 
can  be  expressed  as  follows:  (Ref  9:  Section  9.1  and  Ref  10: 
Section  [II. 5) 


For  0.01  i0d  £  10,  N_  =  301: 


F(0d)  =  30  log  (0d)  +  .33  ed  +  135.8 


For  10  1  00  <  70,  ;j  =  301,  0.7  <  s  1.0: 

S 


F(0a)  =  37.3  log  (0d)  e  .212  0d  +  129.5 


For  0d  2l  70,  =  301,  0.7  <  s  <  1.0: 


F(0d)  =  45  log  (0d)  +  .157  9d  +  119.2 


Fur  tiler,  for  values  ol  I!  _  otner  than  301,  the  function  F  (  Hd  ) 


is  ^iven  by 


F  (  Bel  ,  N  )  =  F  (  ed  ,  =301) 

s  s 

-  1.1  (N  -  301)  exp  (-ed/40)J  (33) 

s 

It  can  be  siiown  Chat  the  value  of  the  product  Bd  tor  a 

practical  TRC-97A  path  will  not  exceed  10.  Experience  lias 

shown  Cnat  antenna  elevation  angles  (6  ,  6  )  in  excess  ol 

e  t  e  r 

1.0  beg  will  not  generally  support  usable  communications 

w  i  C  li  this  system.  Using  tiie  procedure  in  Appendix  A  witii 

0  .  =  6  =  1.0  deg  (.0175  rad)  and  N  =  290  [2]  gives  the 

e  t  e  r  s  ° 

maximum  value  of  Che  scatter  angle,  0,  as  .0542  rad.  With 
the  maximum  range  of  Che  TRC-97A  taken  as  160  km,  the 
maximum  value  of  Che  product  0d  is  then 

MAX  (0d)  =  (.0542  rad)(160  km)  =  8.67  rad-km 

For  the  TRC-97A,  therefore,  Eqs  (35)  and  (36)  are 

combined  to  give  an  expression  for  F ( 0d )  which  is  valid  for 

all  values  of  s  and  N  : 

s 

F(0d)  =  30  Log  (0d)  +  .33  0d  +  135.8 

-  1.1  (N^  -  301)  exp  (-Bd/40H  (39) 

Combining  this  last  result  wicii  Eq  (34)  tiien  givfis 


[2]  Scattering  angle,  0,  varies  inversely  with  toe 
refractivicy. 

3  5 


J  n  a  1  y  L  :  v;  j  1  1  y  :  (  R  e  l  ^  :  a  -  ,  ; 


T  h  1.  1  .s  a  r  a  t  :i  t»  I'  c  u  in  d  r  a  o  i:i  >■  •  •  j;  r  %■ 

in  L  ii  (■  no  X  L  b  o  c  t.  1  u  n  I  h  ,i  I 
s  a  o  r  I  -  r  a  n  o  L  r  u  p  o  s  c  a  L  L  o  r  pain  I 
t  :i  o  r  o  1  '.I  r  o  ,  ii  r  (  a  1  ■  is  ao  l  i  a  c  a  r  p 

1  a  1  s  I  1  r.i  !•  . 

a  i-  I  1  i.i  a  t  a  i  a  i  s  a  1  1  a  v.'  I  .■  r  .  V 

a  ;  1  1  ■  •  r  '  ■  a  I  ,,  a  a  r  a  p  a  i  i.  r  a  ■.  i  a  n  s  ana 

.  )  :  ■  a  r  :  :.a..'  a  1  a  i  a  a  a  r  v  a  t  i  .  a  . 

a  a  a  1  y  t  i  a  i  i  v  .i  ;  (  '■;  a  ;  10;  1  !  I  -  it)  ■ 

i'.  »•  r  ■  ' 


I  :  1  * 


.  i)  n  t  ini 


a  V 1 .  -  a 

>  i 

a  p  {)  c-  a  r 

L  a 

be  ol  any  i  mined  late  b  e  n  i 

■  111 

L  o 

t  ;i 

:  r  •.  :y  t'  n  L 

a  n 

a  1  y  s  L  s 

,  and 

L  U  e  r  e 1 o  r  e  is 

not  11  s  a  a  . 

1 11 

S  t 

a  a  a 

V  .1  i  u  r 

v)  l 

\'  (  u  /) 

a  r  a 

o  b  L  a  1 n  e  d  from 

F  1  u  r  a  1 
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r  a  p  11  1  vj 
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r  a  p  r  e 

s  a  n  t  s 

Eq  (a2). 

or  L  n  a 

M  3  S 

model 

then, 

Eq 

(  a 

0  )  IS 

taken  to 

r 

pr  a 

s  (2  n  c 

L  a  a  2,  V.  a  L  t  a  r 

1  n  s 

loss. 
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om 

t* 
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a  tK-  ^  1  t  i  L  a  i  I  '•  ;  a  r  0.7'  ^  S  ^  1.0  (  w  ii  i  a  a  i  a  c  i  u  0  a  s  l  :i  t 
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a  a  p  r  o  i  in  a  I  a  d  a  y  a  s  s  iiin  i  n  a  .1  ^  =  1  w  b  i  a  ii  ,  i  v  a 

I  (  11  )  =  d  0  1  (,> I  i'  ■>■  .  0  "  ’■  oa  I’-.l'irtu,  laai 
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bubstitutinii  this  result  into  Eij  i-Ji  yivas 
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At  this  point,  the  1  i  in  i  t  a-  u  i  ;i  l  a  r  ra  a  l  i  o  n  a)  n  the  derivation  a  i 

t  n  e  P  R  C  ni  ()  d  e  1  makes  :  u  r  t  n  a  r  a  o  n  a  1  u  s  i  a  n  s  s  airn  a  w  ii  a  i 
s  p  e  a  u  1  a  t  1  V  e  .  3  q  i  4  3  )  a  a  n  t  a  i  n  s  no  a  p  p  a  rent  «.■  <]  u  i  p  in  e  n  t  I  a  a 

term.  ay  a  ai  m  D  a  r  i  s  o  n  with  the  other  nui  at  a  1  s  ,  it  s  a  t  in  s  .sale  t  a 


a  a  n  a  1  u  a  a 

that  i 

i  1 

b  ill  the 

1  .1  1 

l  K-  r  in 

O  I 

17  q  (43/ 

-i  r  f 

a  a  n  p  a  n  a  n  t  .s 

a  1  t 

il  t‘ 

•s  c  a  t  t  a  r  1 11 

lus 

s  ,  L  . 

T  il  .  7 

a  r  1  1  11  o  : 

'etlc 

r  a  n  a  1  n  1  n  ., 

tar  rn 

30  log  1 5  + 

.  0  7 

H(1  1 

IS  not  at 

all  a  b  V 

1  o  u 

•s  .  L  a  c  k  1  n ; 

;  L 

11  r  t  iu-  r 

1 11 : 

a  nil  .1  t  1  o  n  : 

ill'll 

il  (1  (-331  w 

ill  be 

t 

a  Ken  as  t  ii  a 

s  urn 

ol  1.  , 

s 

‘'ll’ 

.1  n  a  1.  ,  a  : 

a 

>  1 

,  n  ow  n  in  Table-  II. 
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n  c  ii  e  Norton  u*. 
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1  given  by  Eq 

{  2f)  ) 

L  il  e 
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/  1  )  1 
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l:  1  O  S  S 

(  Eq  (3 

2  )  ) 

and  the  ground  reflection  loss  f 

r  o  111  E  q 
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log 
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F  (  f  0  ,  1 

) 

V 

(  ab  ) 

W  hen  h 

orton  publisiied  t 

his 

model,  analytic 

e  X  p  r 
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the  a 

s  ym  e 

try  function 

F 

(  s  )  and  t  il  e  b  1 
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Therefore, 
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The  Y  e  h  'a o  d  e  1  n a  k  e  s  no  a  t  t  e m  p  L  L  o  account  tor  i  o  s  s  b 
due  to  ground  reilection,  atraosphoric  aDsorption,  or  losbes 
wiLiitn  the  equipuient.  Also,  wiiile  apercure-rneatu:n  coupling 
loss  was  addressed  by  Yen,  it  was  not  explicitly  included  in 


h IS  model. 

Th 

ti 

model  g 

i  V  e  n 

b  y 

Eq  (28)  therefore 

r  e  p  r  e 

s  e 

n  t  3 

only  t  a  e 

sum 

0  f 

1  h  e 

1  r  e 

e 

space  and  scatter 

1  n  g  1  0 

s  s 

u  s  , 

SuDtracting 

L 

(  Eq 

/  3  2 

)  )  i  r 

o  in 

E  q  (.28)  t  ii  u  s  gives 
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-  .  2  ( :;  -  3  1 U  )  a 
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( 

-^7  ; 
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+  573 

e 

-  .  2  (  a  -  3  1 0  )  a 
s 

20  .  4 

( 

48) 

wiiere  6  is  in  radians. 

;is  described  in  the  last  section,  the  model  in  AFCSP 
100-61  is  a  composite  oi  the  NBS  and  CCIR  models.  The 
aperture -medium  coupling  loss  is  rrom  the  CCIR  model  and  is 
given  by 


L 

ot 

-t- 

L 

r 

.07 

exp  1.055  (G  +G  )] 
t  r 

The  remaining 

L  t.' 

r  m  s 

are 

trom  the  MBS  model.  The  g 

round 

reflection  los 

S 

and 

atmospheric  absorption  loss 

a  r 

represented  by 

U 

and 

A 

respectively.  SuDtracting 

4  , 

a 

4  t. 

L  ,  L  .  (  E(i  (3 

-  r  t  s 

2  )  ) 

,  L.,, 

and 

L  i  r  o  la  E  q  (29)  gives 

a 

L  =  10  log  t  -  40  log  d.  +  F  (  ed  )  -  V  (  d  1  -  : .  a 

s  H  z  li*  o 

lor  F  (  Hu  1  produces  t  ii  e  result 


aO 


and  s  u  D  s  t  1  t  u  t  1  n  g  F  q  (.36) 
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s 

10  1 O  ^  d . 

K  III 

+  30  log  0 

+  .33 
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-  3  0  1)  i!  X  p 

'  -0d/ 40  ) 

I-  133 

.  4  -  V  (  u  ) 
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lay) 

The  Collins 

model  IS 

presented 

graphical  ly. 

The 

perture-raed iura 

coupling 

loss  and 

equip  raent  loss 

are 

tabulated  for  various  equipment  confij;urations.  The 
combination  of  free  space  and  scatteriu^  Losses  is  taken 
troia  two  j^raphs.  The  first  qraph  qives  a  basic  loss  for 
transmission  over  a  smooth  eartii,  wiiiLe  the  second  ^rapii 
Jives  an  additional  loss  to  compensate  for  the  effects  of 
irregular  terrain.  No  attempt  is  made  here  to  derive  the 
analytic  expressions  from  which  these  graptis  are 
constructed. 


V  I  . 


THE  GEIJERAL  PATH  MODEL  TAILORED 


TO  THE  Ar.7TRC-97A 


Eq  (22)  ^ives  a  model  of  the  troposcatter  patli  wliicii 


at  tempts 

to  account 

for  all 

the  significant 

random 

inf luencos 

on  t  ii  e 

p  a  t  ii . 

It  IS 

also  general  enou 

gli  to 

encompass 

all  of 

t  lie 

more  specif 

ic  classical  models 

w  h  L  c  i  1 

Slave  been 

examined , 

A  s 

stateu  prev 

ion  sly,  tiie  primary 

of  this  research  is  to  examine  emprrical  adjustments  which 
are  necessary  to  bridge  the  gap  between  the  theoretical 
model  and  experimental  evidence.  To  do  so  will  require  some 
numerical  analysis  of  the  model  in  Eq  (22),  a  task  w  it  i  c  h 
appears  to  be  quite  formidable,  given  the  complex 
statistical  dependence  among  the  terms  in  this  model.  If  it 
turned  out  that  some  of  Lite  terms  in  Eq  (22)  were  far  less 
sensitive  than  others  to  the  random  variations  in  tiie 
scattering  process,  some  simplification  of  tiie  model  may  be 
justified  prior  to  numerical  analysis.  Thus  one  could,  as  a 
first  approximation,  sacrifice  some  generality  and  accuracy 


in  t  Si  e 

m  0  d  e  1 

Lor 

t  li  e  sake 

o  t 

narrowing  tiie 

complexity  of 

t  u  r  t  h  t; 

r  a  n  a  1  y 

SIS 

to  m  a  n  a  g 

able 

limits. 

r  y  p  1  c  a 

1  P  a  t  ii 

M  ode 

1  Values 

tor 

the  AN7TRC-97A 

F 

1  r  s  t  it 

i  s 

instruct 

L  V  e 

to  examine  typic 

a  1  values  w  ii  i  c  ii 

one  would  e' X  p  e  c  t  of  the  terms  in  Eq  (22).  F  i  g.  u  r  e  2  shows 
Liiese  values  for  t  ii  e  TRC-97A,  as  calculated  using  tiie 
classical  iii  o  d  1  s  . 


One  kilowatt  is  the  nominal  maximum  output  power  or  the 
TRC-97A,  and  that  which  is  normally  used  in  tlie  troposcatter 
propagation  mode.  The  free  space  gain  of  the  antenna  with 
which  this  equipment  is  primarily  configured,  an  8-foot 
parabolic  antenna,  is  specified  by  the  manufacturer  as  38  db 
(each  antenna). 

The  value  of  the  aperture-medium  coupling  loss,  L  and 

6  ^ 

L  ,  given  by  the  technical  order  and  AFCSP  100-61  are  not 

O  ^ 

in  agreement,  so  both  values  are  given.  Table  9-5  of  the 
technical  order  (Ref  12:  9.10)  gives  tlie  aperture-medium 

coupling  loss  as  1.0  db  for  each  antenna.  AFCSP  100-61 
calculates  the  aperture -medium  coupling  loss  for  the  pair  of 
ant  ennas  as 


.07  exp  [.055  +  ^rf^^ 

.07  exp  1.0  5  5  (  3  3  +  3  8)  ] 


=  4.58  db 


or  equivalently,  2.29  db  for  eacii  antenna. 

The  free  space  loss  shown  represents  the  range  of 
values  possible  depending  upon  tiU'  choice  ol  operating 
r  r  e  q  u  e  n  c  y  and  path  1  e  n  g  t  ii ,  and  is  calculated  from  F  q  (31). 
For  t  n  e  T  R  C  -  9  7  A  '  s  minimum  operating  1  r  i'  q  u  e  n  c  y  (  4  .  a  Gila)  and 
a  path  length  approximating  tlie  minimum  range  in  t  !i  e 
tropo scatter  mode  (60  km ) , 1 3 1  the  free  space  loss  is 


20 

log 

f  + 

MUz 

20  log  d,  +32.4 

km 

20 

log 

(  4400  ) 

+  20  log  (60)  +  32.4 

1  40 

.  8 

d  1 

For  the  TRC-97A's  maximum  operating  frequency  (5.0  GIlz)  and 
nominal  maximuui  range  (160  km),  the  tree  space  loss  is 

L_^  =  20  log  (5000)  +  20  Log  (160)  +  32.4 
=  150.5  db 

Computing  the  range  of  values  for  the  scattering  loss 

is  less  straight  forward  because  of  the  interdependence  of 

several  factors  and  the  need  for  specific  terrain 

information.  The  basis  for  calculating  typical  values  of 

L  for  the  TRC-97A  is  Eq  (40): 
s 

S  ^IHz  -  ^km  ^ 

+  .33  ed  -  .1  (I!  -  301)  exp  (-ed/40) 

s 

+103. 4-F  -V(u)  (40) 

o  e 

Calculation  of  the  scattering  angli’  requires  detailed 
information  about  the  terrain  which  tlie  path  traverses. 
Accounting  for  every  possible  variation  in  the  terrain  would 
be  a  formidable  task,  and  the  goal  at  this  point  is  simply 
to  estimate  the  range  of  values  for  the  scatterinj,  loss. 


L  S 

actually  \n; 

11  below  t  h  e 

minimum  d  i  s  t  a  n  c  e 

a  i 

t  ii  t* 

tropo scatter 

m  ode  IS  n  u  r  ;a  a  i 

1  1 y  d  om  1  n  a  n  t  . 

4  <1 


which 


Tlierolori?,  lor  L  h  o  purpobc  oi  bounding  L  ,  j  path  over  ^ 

s  mo  o  t  h  e  a  r  L  ii  will  be  assumed.  .\n  t  e  ii  ■)  u  i  n  o  r  m  a  l  i  o  n  is  a  !  s  .  i 

required:  use  ot  an  8  - toot  parabolic  antenna  will  contiiiui- 
to  be  ass  ume  d . 

It  will  be  seen  that  in  Eq  (40),  0  depends  upon  tile 

choice  ot  both  d  and  11  .  Furthermore,  V(d  )  is  a  1  unction 

3  e 

of  frequency,  path  ;;  e  o  m  e  t  r  y  (to  include  d  ;  ,  and  tile  climatic 
region.  Therefore,  care  must  bt-  exercised  wiien  evaluating 
Eq  (40)  lest  tlie  effect  ol  tliese  relation  snips  be  distorted. 

Consider  first  the  scattering  elfeciency  correction. 


F  Rice, 
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5)  state  that  F  allows 
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I  0  r 

reduct  ion 

of  scattering 

ef  f 

l  c 

iency  at  great  heights 

1  n 

atmosptiere.  Over  a  typical  siiort  range  path,  tlu  cattering 

takes  place  at  relatively  low  altitudes,  and  one  would 

expect  that  F  would  have  little  influence.  Tlie  small 
o 

magnitude  of  F  will  be  confirmed  shortly;  for  the  purpose 
o  • 

of  the  present  discussion,  it  is  assumed  to  be  negligiPle. 
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the 


range  o  t 


possible 


values  of 


V(d  )  IS  read  from  Figure  A 15  for  each  of  tiie  eight  cases, 
e 

Figure  A1  shows  the  evaluation  of  0  and  d  for  the  case 

e 

where  f  =4.4  GHz,  d  =  60  Km,  and  N  =  2  90.  Tiie  remaining 

seven  cases  are  shown  in  Figures  A2  through  A3. 

All  the  information  necessary  to  evaluate  the  minimum 

and  ma.ximuia  values  of  L  is  now  at  hand.  For  ease  of 

s 

presentation,  define 

L  '  =  10  log  f.,,,  -  10  log  d,  30  log  e  +  .33  Bd 

s  ^  MHz  km 

-  .1  (N  -  301)  exp  (-Bd/40)  +  103.4  (50) 

s 

so  that 

L=L'-V(d)  (51) 

s  s  e 

The  results  of  evaluating  Eq  (40)  lor  each  of  the  eight 

cases  are  summarized  in  Table  III.  The  value  of  L  for 

s 

these  eight  paths  is  seen  to  range  between  38  and  74  db. 

Furthermore,  the  minimum  value  of  L  corresponds  to  minimum 

frequency,  minimum  patn  length,  maximum  reiractivity,  and  a 

desert  climatic  region.  L_  is  maximum  for  maximum 

frequency,  maximum  path  length,  minimum  reiractivity,  and  an 

overwater  path  in  a  temperate  climate. 

The  ground  reflection  loss,  is  similarly  calculated 

using  Data  Sheet  B-5  (items  29-44),  with  the  results  for  the 

same  •■iglit  pat'n  cases  considered  above  appearing  in  F  i  g  n  r  i;  s 

A  1  thro  u  g  h  .-IS.  Graphs  of  the  required  i  n  t  e  r  m  e  d  i  a  L  i' 

II  ,  and  H  are  given  in  Figures  AlO  throui.  ii 
o  o 
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A13.  Thus,  within  Liie  constraints  oi  ti;  o  p  a  t  n  s  cin)stn, 

L ,  is  seen  to  r  a  n  e  between  0  and  1.2  d  b  . 
n 

The  loss  from  atinospneric  absorption,  L^,  is  uiiiy 
considered  in  two  of  the  classical  models:  those  of  tile  liliS 
and  AFCSP  100-61.  In  both  models,  the  value  of  absorption 
loss  is  taken  from  the  graph  appearing  in  Figure  Ala,  and 
that  method  is  used  here.  Note,  however,  that  tliis  rapn 
displays  data  from  a  specific  location  and  month  of  tiie 
year.  It  is  not  readily  clear  how  representative  tiiis  data 
is  of  other  locations  and  seasons.  In  any  event,  using 
Figure  A 14,  it  is  seen  that  for  a  path  varying  between  6  0 
and  160  km,  with  an  operating  frequency  between  4.4  and  6.0 
OHz,  is  expected  to  lie  within  the  range  from 

appreximately  .4  to  1.2  db. 

The  equipment  loss  is  addressed  only  by  tlie  Collins 
method,  and  is  given  by  the  technical  order  (Ref  12;  Table 
9-7)  as  1  db  for  a  TRC-97A  system  using  parabolic  antennas. 

Simplifying  Assumptions  in  the  Path  hod  el 

Several  conclusions  can  be  drawn  from  F  i  g  u  r  2.  It  was 
previously  determined  (Section  III)  that  the  transmitted 
power,  iree  space  antenna  gains,  ana  equipment  loss  woulu  be 
considered  to  be  constant  tor  a  given  path.  Among  the  loss 
terms,  there  appear  to  be  two  distinct  groups  based  on 
ma,,nituae.  The  a  p  e  r  t  u  r  e -m  e  d  i  urn  c  o  u  p  1  i  n  loss,  ..round 

r  ('  1  1  e  c  t  1  o  n  loss,  a  n  s  o  r  p  t  i  o  n  loss,  and  e  n  i  pm  e  n  t  loss  i'  a  c  li 
iiavo  niaximum  values  less  than  2.6  ub.  S  y  contrast,  the  live 
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To  draw  iirra  ooncliisi.jns  about  tiie  rolatiVL 
s  1  g  n  1 1  1  c  a  n  c  o  o  i  all  o  t  the  loss  t  e  r  r.i  s  ,  o  ti  e  would  need  t  l' 
ii  a  V  e  :a o  r  e  knowledge  o  1  t  a  e  .s  t  a  t  i  s  c  i  c  ri  u  1  the  random  terms 
(only  mean  values  are  considered  in  t' t  .y  u  r  e  2  )  .  it  has  been 
shown,  however,  tnat  tiie  randomness  in  the  loss  terms  stems 
Irom  the  same  source:  the  random  scattering  process.  In 
other  words,  all  o  1  the  1  o  .s  s  terms,  except  L  ,  are  i  u  n  c  t  i  o  n  s 
01  the  scattering  process,  S(t).  Further,  it  has  been 

stated  that  is  by  detinitton  that  term  wntc'n  attempts  to 

account  for  the  losses  uniquely  associated  with  t:ie 

scattering  mechanism.  It  L  ^  d  o  i;  s  in  fact  r  e  ()  r  <e  s  c-  n  t  t  n  t? 

primary  Loss  due  to  S ( C  )  ,  one  would  expect  t  n  a  t  in  t  h  e 

remaining  terms,  the  influence  of  S(l)  would  be  loss 

pronounced.  Thus,  it  would  be  appealing  to  discount  tiie 

random  influence  on  the  terms  L  ,  j.  (  C  }  ,  L  .  (  t  )  ,  L ■  ^  1  t  )  ,  and 

L^(t),  thereby  considerably  stmpliiyin,,  t'ne  statistical 
interdependence  of  the  terms  in  E  q  (22).  T  do  so  would 
also  be  consistent  with  the  approach  most  commonly  taken  bv 
o  t  ii  e  r  researchers. 

Thus,  as  a  first  approximation,  the  e  t i e  c  c  o  t  M (  t  >  on 

L  .  .  (  t  )  ,  L  (  C  )  ,  L  ,  (  t  )  ,  and  L  (  t  )  are  c  o  n  s  i  a  i'  r  e  d  to  no 

^  g  t  ~  b  r  ,  u  __  .1 

til- 1  1  g  t  b  1  e  and  Eq  (22)  is  rewritten  as 
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Consider  next 

the 

sensitivity  of 

L  .  (  t  ) 

^  t  s 

t  0 

S  (  t  )  . 

Because  of  Che  scattering  piienomenon,  different  components 
of  the  transmitted  signal  are  returned  to  the  receiving 
antenna  via  different  scattering  points  within  the  common 
volume,  and  thus  travel  different  distances  between 
transmitting  and  receiving  stations.  Consider  Che  patii 
geometry  shown  in  Figure  3.  Antenna  elevation  angles  for  a 
practical  TRC-97A  system  in  Che  troposcattcr  mode  seldom 
fall  beyond  the  range  of  -0.5  to  +1.0  deg.  The  center  ray 
for  elevation  angles  of  -0.5  and  +1.0  deg  is  s'nown  as  lines 
TAR  and  TBR  of  Figure  4.  The  3-db  beamwidth  of  the  d-foot 
parabolic  antenna  used  with  the  TRC-97A  is  2  deg.  Thus,  tne 
majority  of  Che  received  signal  components  arrive  via  a  path 
w  1’.  i  c  h  lies  in  the  region  between  TCR  and  TDR,  wnere  the 
angle  D  T  C  =  D  R  C  =  3.3  deg.  For  the  case  wnere  elevation 
angles  are  +1.0  deg,  the  scattering  angle  (+  can  be  shown  t  i.> 
be  approximately  3.1  d  e  g  .  [  4  1  For  tne  case  w  iu  r  e  e  1  e  v  a  L  1 1)  n 

angles  equal  -0.3  deg,  rt  is  clearly  less  t  :i  a  n  h  ,  ana 

approaches  0  d  e  in  the  limit.  The  worst  case  a  i  i  ;  ■ '  r  e-  n  c  i  ■  i  p. 
patn  long  til  occurs  when  6  =  0,  tiler, -by  ..lahinc,  ancli  I'd)  - 

90  deg.  In  t  ii  1  s  case  the  ratio  o  l  T  C  to  T  D  e  r;  u  a  1  s  L  a  e 
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T  li  e  result  is  C  ii  a  c  L'  i(  (52)  can  now  bo  i  u  r  t  in-  r  s  i  ;:i  p  i  i. :  i  u  0  :  > 
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P  (  L  ,  h  ^  (  c  )  and  k  can  only  assume  n  o  n  n  e  ^  a  t  i  v  e  values, 
54),  (36),  and  (37)  can  be  combined  to  tile  lirst 

density  o 1  the  received  power  as 
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(59) 


and 


are  in  watts.  Similarly  tiie  combination  oi 


5  5  ),  (36),  and  (58)  ;,;ives  the  first  order  distribution 

received  power  as 


F(P^  ;  t  ) 


=  1  -  exp 


(  60  ) 


?  ^  and  k  ■ “  are  in  watts. 

iiile  the  received  power  is  directly  observable,  the 
r  .1  n  d  o  m  quantity  in  E  q  (53),  t  n  e  scattering  loss,  is 
y  <i  (  5  j  >  ,  in  w  ii  1  c  h  the  power  terms  are  expressed  in  d  b  m 
and  loss  terms  in  d  b  can  also  be  written  as 
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where  the  power  terms  are  in  watts  and  the  fjain  ana  loss 
terms  are  ratios.  For  a  given  path,  each  of  the 

deterministic  quantities  on  the  right  side  of  Eq  (61)  is 
assumed  to  be  a  constant,  making  it  possible  to  write 
Eq  (61)  as 


L  ^  (  t  ) 


Pj.(  t  ) 


(  62  ) 


where 
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Pt  Grf 


h,.  L..  Lc  ^  L,  L„  L, 


It  can  be  shown  (Ref  6:  128)  that  if 


Y  =  g(X)  =  a/X 


then 


(63  ) 


fy(y)  =  (|al/y^)  f,^(a/y) 


Combining  this  last  result  with  Eqs  (39)  and  (62)  gives  the 
first-order  density  of  the  scattering  loss  as 

I  b  I  1 

f(Lg;t)  =  - —  X  - exp 

Ls  2k  - 

Since  all  the  terms  on  the  right  side  of  Eq  (63)  are 
n  o  n  n  e  g  a  t 1 V  e ,  b  is  also  n  o  n  n  e  g  a  t  i  v  e  .  Therefore 
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VII. 


THE  MODIFIED  SCATTERING  LOSS  MODEL 


Recall  from  Che  Introduction  the  proposed  approacn  ol 
modi  tying  the  empirical  adjustments  in  the  existing  path 
models  to  obtain  better  correlation  with  observed 
performance  for  the  short  range  tactical  Lroposcatter  path. 
Given  that  the  assumptions  in  the  analysis  to  this  point  are 
valid,  Eq  (53)  shows  the  scattering  loss  to  be  tile  only 
random  independent  variable  in  the  path  model.  Further,  Eqs 
(64)  and  (65)  give  the  first-order  density  and  distribution 
of  the  scattering  loss.  The  prec ceding  analysis  has  also 
shown  Chat  of  ail  Che  factors  in  the  general  path  model,  the 
scattering  loss  has  the  greatest  potential  for  causing  large 
variations  in  Ctie  received  power  for  a  given  path.  As  a 
first  approximation  then,  assume  that  the  deterministic 
quantities  in  Eq  (53)  are  correctly  accounted  for  in  the 
present  path  models,  and  that  any  variation  between 
predicted  and  observed  path  loss  results  from  the  scattering 
loss  alone. 
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1  -S  l  1  t' 

quantities  assumed  to  be  as  given  by  the  AFCSP  100-61  and 

Collins  models.  This  model  can  also  be  expressed  as 

P(t)=b'-L(t)  (67) 

—  r  ^3 

where 

b'  =1\  ■*■0  -  ■^0  -  ~  -07  exp  1.053  (G  .  +  G  -)1 

t  tt  rt  tr  ri 

-  20  log  r.,„  -  20  log  d,  -  32.4 

^  niiz  ^  km 

-  L,  -  L  -  L  (68) 

h  a  e 

Given  the  operating  frequency,  antenna  gains,  and  sufiifient 
information  about  the  path  geometry,  b'  can  be  reaaily 
computed  using  the  combined  procedures  in  AFCSP  100-61  and 
T.O.  31R5-2TRC97-12. 

Consider  next  the  treatment  of  the  scattering  loss  in 
the  presently  used  models.  Eq  (49)  gives  the  scattering 
loss  used  in  the  AFCSP  100-61  model  as 

L  =  10  log  f  -  10  log  d,  +  30  log  e  +  .33  Od 
s  Gllz  km 

-  .1  (  :i  -  30  1)  exp  (-  Ha.  40  )  +  1  3  3  .  4  -  V(d  )  (49) 

s  e 

This  IS  identical  to  the  NBS  expression  lor  L  !,iven  that 
tile  term  F  is  negligible  lor  this  tvpe  of  path  (as  siiown  in 
S  e  c  t  1  o  n  VI).  T  li  e  problem  now  is  one  of  deriving,  a  n 
alternate  expression  for  the  scattering  loss  which  is  more 
accurate  for  a  typical  TRC-d7A  patli.  The  most  obvious  wav 
to  do  this  is  to  assume  that  t  ii  (>  form  o  1  E  q  (49)  is  c  o  r  r  i  ■  c  i 
and  that  a  different  choice  of  coefficients  would  better 
match  tile  model  to  the  TRC-97A  path.  Mote  I  li  a  t 

hO 


L  ^  represents  t  li  e  expected  value  o  i  L  .  (  L  '  '.v  n  i  ^  ;i  will  '.)  e 

vl  e  n  o  t  e  d  b  v  L  ^  (  L  )  .  Consider  then  the  e  x  p  r  <  ■  s  s  i  o  n 

Ly(t)  =  aj  log  -  ao  log  d,_,^^  +  a^  log  H  r  ho 

-  ac  (N,  -  301)  exp  (-Od/a^)  +  a-,  -  V(d  )  (bV; 

which  expresses  the  scattering  loss  in  tiie  same  l  o  rm  as  that 
derived  by  the  MBS,  but  w  i  t  ii  most  u  l  t  n  i  ■  i.  o  ■  ■ ;  ;  i  l  i  n  i  .-.i 
undetermined.  As  pointed  out  previously,  tne  analytii 

expression  tor  V  (  d  )  (  Eq  (42))  is  ratiier  con;  Ic-x  a  n  u  I;  a  s  e  a 

on  data  collected  in  a  large  n  um  b  e  r  o  1  1  o  c  a  t  i  u  n  s  t  a  r  o  u  n  o  u  t 

the  world.  Attempting  to  modiiy  V  (  a  ^^  )  at  this  poinL  won  la 
complicate  Eq  (61)  to  the  extent  that  any  iurilier  anai•••sl^i 

would  be  extremely  d  i  1'  1  i  c  u  1 1  .  Also,  mo  d  i  i  y  i  n  V  t  a  ,  to  mo  r 

accurately  represent  tlie  TRC-97A  paiii  would  require  a  large 
data  base  of  TRC-97A  performance  in  all  climatic  r<>,;iuns  oi 
interest;  such  a  data  base  is  not  presently  available. 

Assume  then  that  V  (  d  ^_  )  ,  as  expresseil  by  Eq  (42),  is  c  o  r  r  e  c  t  . 

Statement  o  1  t  h  e  R  e  g  r  e  s  s  i  o  n  P  r  o  b  I  .•  m 

A  V  t;  r  y  s  p  e  c  1 1  1  c  analytic  [  ■  r  o  b  L  i?  m  can  now  be  s  i  a  t  e  a  . 

Solution  o  1  this  problem  s  ii  o  u  I  d  p  r  o  d  u  c  i!  a  s  c  a  t  I  i  ■  r  i  n  <  s 

;:iodel  w  ii  1  c  ii  better  represents  a  typical  T  R  C  - 7  A  ,.atii.  liie 

r  o  b  1  e  m  is  as  i  o  I  1  o  w  s  ; 

Given  suilicienL  i  n  1  o  r  ra  a  I  i  o  n  about  tile  .■  q  i;  i  pir,  .•  ii  I  ana 
path  .',eometry  lor  a  number  ol  TP.C-07.\  troposiatli  r  ■path:.,  a 

value  ol  b'  can  :i  e  ■  on ;;  u  l  e  u  lor  eaiii  p.ith  using  i.q 


')  b 


Given  experimental  observations  or  received  pov;er  ovi-r 
ttiese  paths,  and  a  value  of  for  each  patii,  a  value  oi 

Lg  corresponding  to  each  observed  value  of  can  oi.* 

obtained  using  Eq  (67).  Thus  a  data  base  of  scattering  loss 
values  over  a  number  of  TRC-97A  paths  is  constructed. 

Given  this  scattering  loss  data,  an  expression  of  V(d^) 
(Eq  (42)),  and  the  probability  distribution  or  L^(t)  given 
by  Eq  (65),  a  nonlinear  multivariate  regression  analysis  of 
Eq  (69)  can  be  performed  to  evaluate  the  coefficients 

The  resulting  expression  for  L^lt)  siiould  more 
accurately  reflect  the  scattering  loss  for  a  TRC-97A  path 
and  can  be  used  with  the  Af’CSP  100  - ol  model  for  future- 
transmission  loss  predictions. 

Evaluation  of  Available  .4N/TRC-97A  Path  Data. 

Data  on  the  actual  performance  over  TRC-97A  paths  has 
been  collected  from  a  number  of  Air  Force  units  which  use 
this  equipment.  The  data  is  that  whicli  is  routinely 
recorded  by  these  units  and  does  not  reflect  any  data 
c  o  I  1  e  c  t  t' d  specifically  for  this  r  e  s  e  a  r  c  li  .  Although  the 
content  of  the  data  varies,  typically  included  ar«'  rocordea 
values  of  received  power  and  information  on  the  g  e  o  m  e  L  r  v  of 
ttie  path.  The  paths  represented  are  from  trainin.,  exercises 
ovi'r  t  iu‘  past  several  years  in  diflerent  locations  within 
L  1;  e  c  u  n  t  1  n  e  n  t  a  1  United  .States.  Duration  o  t  each  exercise  ;  s 
Hot  very  long,  r.ingin.;  Irom  two  days  to  a  p  j)  r  o  x  i  ni  a  L  e  !  v  two 


weeks  . 


Table  IV  identifies  those  paths  for  wnich  some  data 


is  available  and  which  fall  within  the  scope  of  this  study. 


Because 

of  the  relatively  small  amount 

o  1 

aval 

1  a  b  1  e 

data,  and 

particularly 

the  short 

duration  of 

the 

path 

s  ,  it 

is  desirable 

to  evaluate 

the  usefu 

1 n e  s  s  of  the 

data 

I 

1  the 

data  is  too 

limited  to 

accurately 

represent  a 

wide 

ran 

g  e  of 

TRC-97.4  paths,  then  any 

analysis 

based  on 

tills 

d  a  t 

a  IS 

meaningless. 

It  has  been  shown  tliat  a  possible  characterization  of 
the  received  power  over  a  troposcatter  patli  is  given  by  the 
density  and  distribution  functions  of  Eqs  (59)  and  (60). 
These  in  turn  are  the  basis  for  the  density  and  distribution 
of  Lj,(t)  which  are  given  by  Eqs  (64)  and  (65)  and  are 
central  to  the  regression  analysis  just  described.  It  is 
reasonable  then  to  require  the  received  power  data  which  is 
used  in  the  regression  analysis  to  at  least  approximate  the 
density  and  distribution  in  Eqs  (39)  and  (60).  l!e.xt  one 
would  expect  to  see  some  dependence  of  the  mean  scattering 
loss  upon  the  parameters  of  tht;  regression  equation  (i.e., 
I,  d,  e,  and  Mg).  Were  this  not  tlie  case,  no  prediction  of 
Lj,(t)  based  on  these  parameters  would  be  possible.  Wliile 
the  scattering  loss  is  not  directly  observable,  it  is 
directly  related  to  the  distribution  parameter  k'; 
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Consider  I  i  r  s  t  the  received  p  o  vj  e  r  d  i  s  l  r  i  b  u  L  i  o  n  tor 


I  U  e 


observed  T  li  C  -  9  7  A  p  a  C  li  s  .  T  ii  e  distribution  :  ii  n  c  c  i  o  n  is  c  n  o  s  e  ii 
because  it  siinpLilies  tile  subsequent  curve  iitting.  Tiie 
power  density  and  distribution  1  unctions  { Zqs  (59),  (bOj- 
are  both  single  parameter  i unctions,  that  parameter  beiny 
k“.  (Recall  that  k  is  a  constant  for  a  -iven  type  of  radio 
set;.  As  k  '  is  varied,  both  tiie  shape  and  position  Oi  l 


density 

L  unction 

change. 

The  distribution  f 

u  n  c  c 

1  0  n  varies 

only  in 

rtilacive 

position 

as  k'*"  IS  varied; 

its 

s  ii  a  p  e  IS 

in  depend 

one  of 

the  c  h  o  I 

c  e  of  the  parameter 

K. 

F  i  u  r  cr  4 

shows  a  plot 

of  F ( P  ^  ;  t  ) 

vs  ?  ^ 

for  an 

arbitrary  value 

of  r'v  ■  *'  , 

'■J  hen  P  j.  and 

'■) 

k  '  “  are 

equal 

(  ? 

r 

0  db  relative 

o 

to  k ■ “ ) , 

F 1  P  ^ ; t  )  has 

a  value  of 

a  p  p  r  X  I  m  a  t  e  1  y 

0  .  a .  ',■)  h  e  n  P 

exceeds 

> 

k  •  0  y  note 

than  about 

12  db  , 

.  F  (  P  ; 

r  * 

t )  r  em  a  i  n  s  at  a 

constant 

V  a  1  u i,‘  of  I  .  0 

.  W  hen 

IS  .smaller 

t  ii  a  n 

k  ■“  b 

mo 

r  •? 

L  a  n 

about  20 

d  b  ,  F  ( 

Prlt 

)  13  at 

i  cons 

L  a  n  t 

V  a 

Lae 

0  1 

0  . 

Intermediate 

values 

are 

as  shown. 

N  0  t  e 

that 

V 

a  r  y 

in- 

h  e 

value  of  k 

n 

■  “  has 

the 

effect  of 

S  (l  L  f  t  \ 

n  ^  C  i;  e 

u 

I  s  t 

r  1  b  u 

lion 

curve  along 

t  h  e  P  ^ 

axis 

,  w  ii  1  1  e  t  h  e 

s  h  a  p  e 

0  f  t 

ii  e 

c 

u  r  V  e 

1  s 

u  n  a  I  1  e  c  t  e  d  . 

A  manual  rti  e  t  h  o  d  of  curve  f  i  L  t  i  n  is  chosen  initially 
b  e  c  a  u  .s  e  0  1  I  ;i  e  relatively  small  amount  of  data  available. 
•J  s  e  of  c  o  r.i  p  u  t  e  r  1  z  i;  d  c  u  r  V  fitting  t  e  c  ii  n  i  (|  u  e  s  is  s  t  r  i  a  n  t 
t  r  w  a  r  d  and  would  be  w  o  r  t  ii  w  h  i  1  e  for  evaluating,  a  1  a  r  ,  i  ■ 
number  of  paths  o  r  for  achieving  great  e  r  a  c  c  \i  r  a  c  y  .  First 

the  distribution  1  11  n  c  t  1  o  n  of  the  r  c  e  i  v  i;  d  power  is  ;  1  t  L  ..  u 
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Figure  5.  Next  the  power  distribution  curve  of  Fi^^ure  4  is 

translered  to  a  piece  of  transparent  acetate.  The  curve  is 

then  superimposed  on  the  measured  distrubution  plot  in  such 

a  way  as  Co  give  the  best  fit  with  the  data.  The  value  of 

for  each  plot  is  also  recorded  tor  later  use.  Note  that 

is  the  value  of  P^.  which  corresponds  to  approxiately 

F(Pj.;t)  =  0.4  .  Three  superimposed  power  distribution 

curves  and  the  resulting  values  of  k-“  are  illustrated  in 

Figure  5.  The  results  of  applying  this  procedure  to  each 

0 

path  are  summarized  in  Table  IV  where  a  value  of  k--  is 
given  to  each  distinct  radio  path.  Note  that  in 

troposcatter  propagation  the  path  does  not  necessarily 
behave  the  same  way  in  both  directions,  and  the  received 
power  at  one  end  of  a  link  is  not  generally  the  same  as  the 
received  power  at  the  other  end.  Also,  each  TRC-97A  has  two 
receivers  for  diversity  reception.  Therefore,  it  is 
possible  to  associate  up  to  four  different  sets  of  data  with 
each  radio  link.  Fewer  sets  of  reported  data  indicate 
either  incomplete  observations  or  averaging  of  observations. 

Several  conclusions  can  be  drawn  from  this  manual  curve 
fitting.  First,  the  general  shape  of  tlie  distribution 
curves  is  enough  like  that  of  the  assumed  power  distribution 
to  support  the  existence  of  some  correlation  betwei;n  the 
two.  However,  the  correlation  is  obviously  lc‘ss  than 
perfect,  and  more  sophisticated  statistical  t  e  c  ii  n  1 1|  u  e  s  w  o  u  1  u 
be-  r  q  1  r  e  d  to  <j  u  a  n  t  i  1  y  t  li  e  degree  of  c  o  r  r  e  i  a  I  i  o  n  .  In  m  a  n  \- 
cases,  the  observed  power  distribution  iias  a  moi'k'  gentie 


/i 


slope 

than  doe 

s  the 

curve 

of  Figure 

4. 

Tile  curve 

s  0  f  F 

I  g  u  r  e 

5  are 

typical 

e  X  a  ra  p  1 

e  s  c  h  o 

sen  f  rom 

t  he 

paths  in 

Table 

IV. 

They 

illustrat 

e  the 

r  a  a  e 

from  good 

t  o 

poor  corre 

1  a  1  0  n 

W  1  t  il 

Lhe  power  distribution  function  of  Eq  (60). 

Consider  next  the  relationship  between  tlie  received 
power  distribution  and  the  parameters  of  the  proposed 
regression  equation  (Et;  (69)).  One  would  expect  tiie 
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received 

power  , 

and  therefore  k'- 

,  to  vary  wi 

t  h  some  or 

a  1  1 

of  the  V  a  r 

tables 

f ,  d ,  6 ,  and 

rj 

s 

For  the 

mo 

s  t 

part. 

t  il  e 

available 

path 

data  does 

not 

ref  1 e  c  t 

spec 

i  f  i  c 

operating 

frequencie 

s  and 

refract  ivity 

data 

is  provided 

for 

only  a 

£  ew 

paths. 

Also 

informat  ion 

about  the 

path 

geometry 

1  s 

general  ly 

not 

provided  in 

s  uf  f 

i c ien  t 

d  e  t  a 

i  1 

to  allow 

calculation  of 

the  scattering 

angle. 

The 

path 

length 

i  s 

available 

for  each  path,  however. 

and  k  -  “ 

i  s 

plot 

ted  as 

a 

funcc  ion 

of  pa 

th  length  for 

each 

of  the 

paths  in 

Table 

IV  . 

The  results  are 

shown  in  Figure  6. 

It  is 

now 

n  e  c 

e  s  s  a  r  y 

I.  o 

dote  rm  i  n  e 

w  h  e  t  li  e  r  Figure 

6 

represents 

a 

r  e  a  s  0  n  a 

b  1  i- 

relations  ii  ip  between  and  d.  For  this  purpose,  consider 

t  li  e  relationship  between  and  d  given  by  Eq  (49).  The 

path  length  appears  in  three  terras  of  this  expression.  For 

t  V  p  1  c  a  1  values  of  H  and  d  (see  Appendix  A  )  ,  t  h  i'  1  a  c  t  o  r 

exp  (  -  Hd  /  40  )  r  (.“ID  a  i  n  s  very  close  to  unity.  Table  111 

illustrates  the  range  of  values  of  the  quantities 

(-10  1  o  d  J  a  ml  .33  6  d  lor  the  j)  a  t  h  s  in  A  p  |)  e  n  d  j  x  .4  . 


C  1  e 

a  r  !  y  , 

(-10  lov. 

d  )  IS 

the  dominant  t 

1, 

(  .1  n  d 

(  i’u-  r  /  r  <• 

would  d  f  c  r  i‘  a  s 

I  ii  a  I 


OS- 


on  Parameter  k,-  as  a  rune 


of  Eq  (69)).  Such  a  regression  line  nay  well  be  contained 
within  the  data  of  Fi|>ure  6.  Again,  however,  more 
sopliisticated  statistical  methods  are  required  to  quantify 

9 

the  relationship  between  ku'-  and  d. 

In  summary,  the  path  data  presently  available  is  not 
adequate  to  support  further  analysis.  The  correlation 
between  observed  data  and  tlie  e.xpected  power  distribution 
function  (Eq  (60))  cannot  be  conclusively  stated.  Further, 
sufficient  iniormati  on  about  f,  0,  and  is  not  available 


t  0 

c  om  p  1  e  t 

e  LDf 

regression 

analysis  of  Eq 

(  69)  . 

The 

two 

> 

o 

1  1  u  s 

sou 

r  c  t.‘  s  0  L 

tilts  lack  of 

correlation  are  the 

expected 

P  0  w 

e  r 

d  1  .S  C 

r  L  b  u  L  i  o  n 

function 

and  the  data 

1 1  s  e 

1  1  . 

The 

development  of  tile  power  distribution  assumes  an  underlying 


Rayleigh 

distribution  f 

or  the 

envelope  of 

t  h  e 

received 

signal  VO 

1  t  a  g  e  .  A  n  y 

ciev 

i  a  t  1 0  n 

f  r  om  a  R  a  y  1 

0  1  g  h 

e  n  V  e  1  0  p  i' 

would  b  i.' 

ret  1 e  c  t  e  d 

1  n 

t  h  e  r 

e suiting  p  ow  e  r 

d  1  s  t 

r  1  b  u  t  1  0  n  . 

R  e  g  a  r  d  L  n  i, 

t  ii  e  data,  s 

o  in  <:» 

s  iu)  r  t  1  a 

11  in  t  li  e  U  g  r 

e  e  to 

w  li  1  c  h  It 

represent 

s  t  h  e  p  a  t  ii  w 

o  u  1  d 

not  b  e 

surprising. 

M  e  a  s  u 

reiTient  ol 

r  e  c  e  i  V  e‘  u 

power  .  e  V  e  1  .s 

1 11 

t  ii  e  lie 

Id  i)  y  o  p  e  ratio 

n  a  1 

units  IS 

u  s  u  a  1  i  y 

u  n  d  e  I  t  .1  k  e  11 

L  o 

provide 

a  g,  e  n  ( •  r  a  1  ,  n  e  a 

sure 

>1  s  V  s  t  om 

p  I  ■  r  1  o  r  m  a  n  c  e  and  not  to  s  u  p  (i  u  r  t  research  activities. 
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averaging  between  terminals  would  be  expected  to  affect  the 
results. 

Two  other  possible  causes  for  lack  of  correlation 
between  Eq  (60)  and  the  data  are  anomalous  propagation  and 
nixed  mode  propagation.  The  path  models  developed  here  do 
not  attempt  to  account  for  either  of  these  phenomena. 
Anomalous  propagation  modes,  such  as  ducting,  are  not 
uncommon  and  were  almost  certainly  a  factor  in  some  of  trit'se 
paths.  Also,  propagation  via  obstacle  gain  diffraction  may 
occur  siultaneously  with  the  troposcatter  propagation  mode. 
The  diffraction  mode  requires  a  favorable  path  geometry,  but 
is  not  unco m on  over  relatively  short  trans horizon  paths. 

One  further  shortcoming  of  the  available  data  has 
surfaced  during  this  analysis.  Earlier  in  tliis  section  it 
was  explained  that  L^lt)  is  not  directly  observable,  but 
could  be  derived  from  observations  of  Pj.(t)  by  evaluating 
the  remaining  terms  in  die  path  model  (see  Eq  (67),  (68)). 
However  the  path  data  made  available  for  this  research  Joes 
not  contain  enough  detail  about  thi^  path  geometry  and 
equipment  configuration  to  evaluate  b'. 


VIII.  CONCLUSIONS 


This  research  beiian  with  an  extremely  general  problem 
statement:  current  troposcatter  prediction  techniques  are 

not  always  suiriciently  accurate  when  applied  to  short  range 
tactical  troposcatter  systems.  Subsequent  analysis  iias 
refined  this  into  a  very  specific  area  of  study  which  shows 
promise  of  improving  path  loss  predictions.  First,  a 
general  path  model  was  developed  based  on  the  physical 
considerations  of  the  troposcatter  patli.  T'ne  general  path 
model  was  then  tailored  to  the  i\K/TRC-97A  by  a  succession  of 
comparisons  with  existing  classical  models  and  observed 
TRC-97A  performance.  Significant  in  this  development  lias 
been  the  analysis  of  the  importance  of  the  various 
components  in  the  path  model.  It  has  been  concluded  that 
inadequate  modeling  of  the  scattering  loss,  L^(t),  is  the 
most  probable  cause  of  inaccuracies  in  the  overall  path 
model.  As  a  result,  a  modified  scattering  loss  model  was 
developed  and  a  regression  experiment  was  proposed  to  derivi.' 
the  coefficients  in  t  ii  e  model.  After  some  evaluation  of  the 
available  p  a  t  ii  data  howt-ver,  it  was  concluded  that  tin-  data 
was  not  s  11 1  f  1  c  1  e  n  t  to  support  t  li  e  regression  analysis. 
T  h  e  r  e  t  o  r  e  ,  c  o  ni  p  1  e  t  i  o  n  o  f  the  m  o  d  i  i  i  d  scattering  1  o  s  s  mode  1 
IS  not  presently  p  o  s  s  i  b  1  e  d  u  e  to  lack  o  i  ^  ii  i  t  a  1;  1  i 
e  :<  p  t  ■  r  1  m  e-  n  t  a  1  data. 

As  a  tin  a  1  note,  i  n  a  b  i  i  i  t  y  o ;  in  e  d  a  la  to  lull  v  s  u  p  p  o i  t 


t  ii  1  r  e  s  e  a  r  c  li  s  h  o  u  1  d  n  o  l  h  e  t  a  k  e  n  a  s 


a  ■  r  1  t  1  1.  1  s  i:i 


or  its  source.  Tt>e  path  data  made  available  for  tins  study 
was  collected  during  tactical  training  exercises  for  tile 
purpose  of  field  evaluation  of  radio  system  performance. 
The  data  is  inherently  sparce  and  not  intended  to  suppport  a 
research  effort.  It  is  possible  that  data  suitable  tor  tlie 
completion  of  this  study  can  be  made  available  only  tiirougii 
specific  data  collection  effort. 


1  A  . 


RECUMHi::;  DAT  IONS 


Tlie  primary  recommendation  resulciny,  irom  this  researcii 
IS  ttiat  suitable  path  data  be  collected  to  verily  tiie  power 
distribution  and  complete  the  proposed  regression  analysis. 
The  data  provided  for  the  current  research  was  collected  by 
t^ictical  units  on  normal  training  e.xercist.'S.  Such  data  has 

tile  advantage  of  bt^ing  representative  of  a  variety  ol 
climatic  regions  and  path  profiles.  However  these  tactical 
systems  are  seldom  established  for  more  than  a  few  weeks  at 
a  time  and  the  path  data  normally  collected  is  inherently 

sparce.  An  alternate  source  of  path  data  would  be  an 
organization  wliich  operates  similar  equipment  in  a  researcii 
and  development  environment,  such  as  tile  Air  Force's 
electronic  Systems  Division. 

In  order  to  complete  tiie  proposed  regr<‘ssion  analysis, 
data  IS  required  on  botli  tile  receiveu  s  i  .;  n  a  1  anu  tiie  p  a  t  ;i 
geometry.  Continuous  recording  ot  receiveu  signal  level 
would  be  considerably  more  representative  ol  tiie  p  a  L  ii  tlian 
discrete  measurements.  Path  geometry  inlormation  raus^  be  in 
s  u  L  1  1  c  1  e  n  t  detail  to  permit  c  a  1  c  u  1  a  t  i  o  n  ii  t  t  ;i  e  p  a  r  am  e  t  i'  r  s  o  i 

the  regression  equation  (  i  ,  d  ,  H ,  ,  and  V  C  u  1  ,1  a  .s  w  e  1  i  i  s 

t  ii  e  o  t  li  e  r  loss  components  (  e  .  ^  ,  ii  ,  A  ,  etc.,'  1  i  D  a  [  a 

S  ii  c' “  t  B-j  (  A  F  C  .S  P  lOO-til,  Vol  II)  were  compleleq  lur  e.ieii 

p  a  t  ti  ,  the  r  e  q  u  r  r  e  d  i-  om  e  L  r  y  i  n  1  e  r  r.i  a  I  i  e  ii  w  o  \  i  i  a  v  .i  i  i  ,i  ii  i  •  . 

h  e  v  e  r  a  i  '  >  L  ii  (■  r  r  ■ '  c  o  i.i  m  e  n  d  a  L  1  e'  n  s  ;  r  1  u  r  t  ii  t  i  i  ii  v  ■  ;  i  ,  i  i  .  ,  n 
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I  e  1  r  a  c  L  j.  V  i  L  y  t  r  o  la  a  chart  o  1  m  i  n  i ra  uui  a  o  a  L  h  1  y  mean  values. 
Incorporation  of  refractivity  data  more  specific  to  a  ^iven 
patli  should  produce  more  accurate  path  predictions.  Second, 
current  methods  are  based  on  values  of  surface  refractivity, 
from  which  the  refractivity  within  the  scatterin^p  volume  is 
extrapolated  by  a  simple  formula.  ■  The  accuracy  of  this 
extrapolation  at  low  altitudes  (typical  of  the  scattering, 
volume  for  a  short  troposcatter  path)  may  warrant  further 
study.  Also,  it  may  he  worthwhile  to  treat  the  refractivity 
as  a  quantity  which  varies  throughout  the  scattering  volume 
ratiier  than  considering  only  its  value  at  the  center  of  the 
scattering  volume. 
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Appendix  A 

AFCSP  100-61  Path  Loss  Predictions  for 
Eight  Hypothetical  Path  Cases 

This  appendix  contains  the  calculation  of  selected  path 
parameters  for  eight  hypothetical  troposcatter  paths.  The 
eight  paths  are  intended  to  represent  the  range  of  typical 
values  expected  from  an  AN/TRC-97A  radio  system  under 
certain  simplifying  constraints.  The  paths  consider  the 
eight  possible  combinations  of  maximum  and  minimum  operating 
frequency  (4.4  -  5.0  Ghz),  maximum  and  minimum  path  length 
(60  -  160  km),  and  maximum  and  minimum  surface  refractivity 

(290  -  390).  In  all  cases,  the  OA-7 1 60A/ TRC- 97A  parabolic 
antenna  is  assumed  (8-foot  diameter,  15-foot  height  to 
center).  Rather  than  attempt  to  account  for  an  infinite 
number  of  terrain  configurations,  smooth  earth  is  assumed. 
The  procedures  used  are  from  AFCSP  100-61,  Vol  II. 


S.Sr  TROPOSCATTER  PATH  CALCULATIOKS 


Antcrk^a  E^vvalioa  Above  LovoU 

rx.  h,» 


I  Radio  Ho?i«on  Elevaiioo  Aoove  Soa 
)  l<e»el.  TX.  bu 


Rartto  Honaon  Elevaiton  Above  Sea 
Level  RX.  hi.. 


I  I>«aioAce  to  Radio  Ho/iaon.  TX,  d{^ 


Oittioco  to  Radio  Hofiaoa,  RZ,  dw 


PaOi  LoofUi,  d 


I  Avoftfc  Elevation  o(  Radio  Hortfoaa, 

i  >>»i 


I  Avorete  Elovation  of  TorvniaaU,  hs2 


I  Avorofo  Elovatioa  of  Rolracunf  SttWoca« 

I 


Uoaa  RolracUvtCf«  No 


Rofroctivity  at  Rofraeiutc  Svrfoco,  Mg 


Effoi'tivo  £or(h*a  Rodioa.  a 


I  Mrvn  r.l**v«H4<«t.  TX  li'nmmMl  t«>  TX 
I  Radio  llorixon.  a 


Moan  Elevation.  RZ  Tonainol  to  RZ 
Radio  Honaoo,  bV 


Cffertive  Antonno  Helc^L  TZ.  b|^ 


Effoeiivo  Antenna  Hetchl.  RZ. 


-.001098  I  «<* 


-.001098  fd 


Fm  Poth  PtoTUa 


FrOA  Path  Piofilo 


Ftoa  Path  Profile 


From  Polh  Profile 


FroM  Polh  Profile 


FroM  Podi  Profile 


OtcA  S  ♦  Item  6)/3 


(lioB  I  ♦  ItoA  2)/2 


UioiMA  (tiem  10.  tt\jm  11) 


Soo  FlRoto  4*1 


aiM  13)  osb  (-Q.10  «7  a  Itofb  13) 


Soo  rt0»f9  4*2 


From  Polh  Plofllo 


rnm  Poah  Profile 


If  Item  16  >  Item  1;  I  em  i  »  Ilea  I 
If  Item  16  Item  1.  1  etn  ^  *  Itea  16 


If  Item  17  >  Item  2.  Mem  4  *  Itea  2 
If  Item  17  <.  Item  2.  item  4  —  liea  17 


Item  t*  Item  3  —  Itea  4 

,  -  lie*  20  *  . 

*.  1  Item  15  Mob  9 


Item  9  hem  *  —  Item  3 

2  «  hem  15  *  ****  *  *  *  he*  9 


Item  33  e  Item  33 


Item  33/1IOOI  33 


Hem  34  ■  Horn  « 


AFCS  aVr'r.  709 


AbT  rA6C  no. 


Figure  Al.  Case  1  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


85 


»C«rpnMAMCC  FACTO* 


I  AllmvAtion  FttActkon.  F<94) 


NOTE:  If  f|  And  rj  >  tS.  •*!  H«  Z  0 


S3  NOTE;  H  S|  ^  1.  "le  Iwaa  M  -  37 
Otherwise  fo  to  Step  38 


4t  iFre^ueacf  Ostn  Funruea,  Kp. 


Lsnf  Terrs  Fedinp  Poremeter  for  CWoMtic 
Regim  A.  Vn<^O.dr) 


Long  Ter^  *Siii'<g  Porometer  for  Clisisftci 
P*iu-»  A.  [ 


6d  ^  10.  Sec  FiRwre  5-J 
6d  >  to.  See  Fifwr** 

If  t  >  1.  yse  t/s 


CHt  1  Link  SpecIfieoUMS 


S.iaoft  •  IICM  S  m  Umm  M  ■  It 


See  FlfUfp  S>6 


Iters  SO 


Otea  29)  a  (lica  25) 


See  Fifut*  S-7 
If  *•  >  S.  ose  S 


Sc-c  Figure  S>7 
If  Aft  >  s,  use  8 


dB  I  See  Ftforo  S*  8 


1/2  s  (Item  34  e  Ilea  SS)  ♦  Ilea  M 


Set  Ftrire  S»7.  Useoe 


dB  I  See  Figure  S»7.  Us*  ho 


dB  I  See  Figure  $•  8  Use  *• 


1/2  t  (Itta  38  e  Iteti  30)  e  Itea  40 


dB  Sec  Figure  SoO  V  »• 


Ilea  43  e  Item  33  (I*-**  41  •  Ilea  42) 


37  or  Ilea  43 


See  Figure  4-7 


30  log  (Item  2B>  <-  TO  log  (Ilea  B)  «  Itea  27 
♦  Item  •14  ♦  lirra  45  ♦  90 


eMOLimm 


I3t.34 \^n*»  II  •  yli*«  1*1 


If  iKa  9  <  l»m  47  •  lira  4). 

130  t  Item  9/Cltem  47  *  lien  48) 
l(  licm  9  >  l»*m  47  •>  Ilea  4%. 

130  ♦  Item  9  -  liew  47  —  Itea  48 


See  Figure  4-8 


See  Figureo  4*9  through  4  ■  23 


Figure  Al.  Case  1  Troposcatter  Path  Calculation 

(Sheet  2  of  2) 


86 


e.5:  TROPOSCATTER  PATH  CALCULATIOKS 


l»£«rOnM*NCC  PACTOM 


Tennxnal  ClrvAlion  *Abo««  ScA 


I  TermxnAl  EtevAtxon  Above  See  Level* 
^  I  RX.  h,5 


Anteruia  Elevauon  Above  See  l^veL 
TX.  h„ 


AnienAe  Elevation  Above  See  Level, 
RX,  h„ 


Radio  Horison  Elevation  Above  Sea 
L«vel.  TX.  bu 


Ractio  Horiton  Elevaiion  Above  Sea 
Level  RX.  hi^ 


Diaiance  to  Radio  Horieon,  TX.  d|^ 


Oiatanee  to  Radio  Herieen.  RX,  4L^ 


Path  Loncth,  4 


IQ  Average  Elevation  of  Radio  HancoBa, 


11  Average  Elevation  of  TermiAala,  he2 


12  I  Average  Elevation  of  Retaaeting  Sorfoce. 

I  K* 


tJ  Kean  RefrbCUvitf«  Ne 


14  Relroetivttr  at  Refraciuig  SuHoee,  M 


tA  I  Effe«*tive  Earfh'a  Rodtna,  a 


etra  wo.  t  fr«r 

OATft 

klMV  WO- 

■i|ngmg^gRT^g|gTn||H 


Mean  Elcvaiien,  RX  Tenoinol  to  RX 
Radio  Henson,  hV 


IS  Cfleciive  Antonno  Height.  TX,  hi^ 


19  Effective  Antenna  Height.  RX. 


20  j  Aateana  Elevation  Angle,  TX. 


21  Antenna  Elevation  Angle.  RX.  6er 


.00? 


.00? 


-.00096? 


-.000963 


^ .001610 


- . 00 1810 


ncMARng 


Fren  Peth  ProTUe 


Fran  Path  PvofUa 


Fran  Path  PrWUa 


Frea  Path  Profile 


From  Path  PrafUa 


Frunt  Path  Profile 


Fraa  Path  Profile 


Froa  Poth  Profile 


Fraa  Path  Pioaio 


(Ilea  S  A  Itoa  6)/2 


(Itaa  1  ♦  haa  2)/2 


Umiaua  (lira  10.  Itua  II) 


Sea  Flfeto  4*1 


atom  13)  oao(-ai0<7  s  Itea  13) 


See  Figura  4*3 


Frea  Polh  Pvoflio 


Frea  Path  ProfUo 


If  Item  16  >  lira  1.  I  em  3  Ilea  I 
If  Item  16  V  Item  1;  I  em  .3  —  Itrs  16 


If  Item  17  >  livm  2.  4  *  Itea  2 

If  Item  J7  <  Item  2.  item  4  —  Ites  17 


24  Scatter  Angle,  0^ 


25  I  Path  AearmeieirT  Parameter,  a 


Item  V  ^  Iie-t  3  —  Itea  4 

*  Item  30  ♦  ■  ■  ■— 

2  >  lle;r  IS  lire  9 


Item  0  Item  4  »  Item  3 

: .  it.rr  1!.  • 5‘  ♦  — ;;;r» — 


Item  22  *  Itea  23 


Ilea  23Atea  23 


Ilea  24  ■  It 


ARCS  ^•©o-  709  wa 

Figure  A2.  Case  2  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


87 


88 


*  »••«&  < 


ft. 5:  TR0P0SCAT7ER  PATH  CALCULATIONS 


^IMP^OAMANCC  rACrOM 


TermiAAl  Ei^vauofl  *Abow*  S*a 
TX.  htf 


TcrmutAl  Eitvatien  Abov«  S«a 


Frooi  Path  ProfU* 


Ftc^  Path  ProfiU 


^  I  AniVA.na  Etevatioa  Abov*  S«b  L«««U 
tTX.h,, 


I  AnictuiA  Elevation  Abovo  Sto  L««oL 


Raflto  Hofison  Elevation  Above  Sea 
Level  RX, 


Diaiance  to  Radio  Horieon,  TX« 


Oiatifie*  to  Radio  Honaon.  RX«  dLa 


Path  LMgIh,  d 


IQ  Averit*  Elevation  o(  Radio  Hor&aoaa, 
hal 


11  AveregCi'  Elevation  of  Termiflala.  ba2 


12  I  Average  Elevatiea  of  Refraetinf  Surface. 


tJ  I  Mean  RtfraeUeitf «  N 


14  I  Refraclivitr  at  Refraetmc  Surface.  M 


15  I  Elfvi-tlve  Earth'd  Radlun.  a 


I  Mran  r.l«*vwll(i(i.  TX  lortninal  l*i  TX 
{  Radio  Huriaon.  h, 


I  Mean  Clevaiion,  RX  Tervainal  to  RX 
Radio  Horicod. 


II  Effective  Antenna  Helgtr?.  TX,  hi^ 


19  I  Effective  Antenna  Heifhl.  RX«  h 


20  Aatoona  Elevation  Anglo.  TX. 


21  {  Antenna  Elevation  Angle.  RX«  dor 


24  )  Scatter  Angle.  0^ 


25  I  Path  AaaemaieirT  Pararoater.  a 


Freta  Path  Proflia 


From  Path  Profile 


prom  Path  Profile 


From  Path  Profile 


From  Path  Profile 


From  Path  ProfUa 


From  Path  Prollle 


(Item  S  e  tiaa  S)/2 


(Item  1  e  Item  2>/2 


UiAimtim  (Item  |0,  ltw*m  tt) 


See  Plgofo  4*1 


atam  U>  axb  (««.10  «7  a  Item  12) 


See  Pifuro  4*2 


Prom  Path  Ptoflle 


From  Path  Profile 


If  Item  16  >  Item  I;  I  em  5  *  lies  I 
If  Item  16  ^  Item  1;  I  en  ^  —  livs  16 


If  Item  IT  >  liem  2.  4  —  Itro  2 

If  Item  IT  <  heffl  2.  itrm  4  —  Item  17 


-.00109H  j 


-.001098  i  ">1 


t .008517 


008517 


-t  .0170.15 


lierri  V  Hen  3  -•  Item  4 

V  .  *  Item  20  *  ■  '  .  '  — 

2  M  Item  IS  Item  9 


lien  9  Mem  4  •  liem  3 

r.  Item  IS  •  21  ♦  - - 


Item  32  •  Item  23 


Item  22Aleni  23 


liem  24  a  liom  9 


Arcs  /.vr.  709 


Itrr  f>.6C  HO. 


..ct  ■  o.  *  .«»< 


Figure  A3.  Case  3  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


89 


•iTft  MO.  •  (TU 


».S:  TROPOSCATTER  PATH  CALCULATIONS  i„t» 


ITBM 

MO. 

oturonMAMCC  aacTon 

WAk.UC 

TemiAAat  Elrvatioif  *A6ova  Sea  L^eel. 

0 

TX.  h|| 

2 

Terminal  Elevation  Above  Sea  Lavel. 

RX. 

0 

3 

TX,  h,. 

.00? 

* 

RX  h,. 

.00? 

Radii.  Horiton  Elavaiion  Aoeva  Saa 

Leval.  TX.  h^t 

0 

^  I  Radio  Honsen  £le«Hii«iA  Above  Svo 
I  Lrvrl  RX, 


fitoiancr  to  Radio  He#t«OA«  TX«  d^| 


Diotificv  to  Radio  Hopkoa.  RX,  dLi 


Path  L^MCth,  d 


jQ  A«er4t«  Elavation  of  Radio  Honaotia, 


}]  Aoop^c#  Eiavatioo  of  Tarfauiaia,  hoj 


12  I  Avcrofc  Eleoattofl  of  Rafracunf  Sttriaeo, 

Ik. 


IJ  Maaa  RafAMtivily,  No 


14  Rafr««fivirr  at  Rafranmc  SvHaca,  ffg 


I  ICffri'tiv#  Earlh'a  Rodtoa,  a 


I  Mrttn  ni<*VMlt*vi.  TX  l«'nniAvl  I**  TX 
t  Radio  IliXizon.  h. 


Uaan  Cicvation.  RX  Tcnalnaf  to  RX 
Radio  Haruoo,  Cf 


IS  Effarlivr  Anionna  Haight.  TX.  b|^ 


19  I  Effociiva  Antenna  Haight.  RX,  K 


20  I  Aatanna  Elavatien  Angta.  TX.  Oot 


21  1  Anteboa  Elavattoo  Asgla.  RX.  $or 


24  Scatter  Angle.  0^ 


2S  I  Path  Aaoyaimetrf  Paronaier.  a 


390 


10,820 


0 


.00? 


.00? 


-.000983 


-.000983 


-V  .008431 


+.008431  "o 


+.012881  I 


From  Path  ProfUo 


From  Path  PtofUo 


From  Path  Pyoflio 


Path  Profile 


Prom  Path  Profile 


From  Path  Profile 


From  Path  Pronie 


From  Path  ProfUo 


From  Path  ProOle 


Otam  S  a  IM  SlbO 


(Item  I  a  Item  2)/2 


Ifiaimoa  (Item  IQ,  Stem  IS) 


So*  Figore  4*1 


Oiam  13)  axh  (•aS0  «7  s  Item  )3) 


See  Figwfo  4»3 


From  Path  Pfeflie 


From  Path  ProfUe 


If  Item  16  >  Itam  I.  I  em  3  —  Ues  I 
If  Item  16  Item  1.  1  em  .t  —  has  16 


U  Hem  17  >  Item  2  Item  4  *  lias  2 
U  Item  *7  <  Uem  2.  item  4  —  lies  17 


Item  S  —  Item  3  Hem  7 


2  a  Item  IS 


Hem  6  -  Item  4  item  B 


Hem  t* 

Hem  3  —  Hem  4 

2  a  Item.  1  i 

Hec  » 

Item  6  Item  ♦  —  Hem  3 

r.  n.:..  .5  *  S'  — n;n — 


Item  22  •  Item  23 


Item  22/liam  23 


Item  24  a  llooi  9 


mmr  pacc  «e. 

r  .4  ■' 

Figure  AA.  Case  4  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


91 


Figure  AA.  Case  A  Trope  scatter  Path  Calculation 

(Sheet  2  of  2) 


92 


Figure  A5.  Case  5  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


93 


Ho<n) 


Ah, 


41  Ifm^vacr  Gam  Function.  Ho>  >• 


43  Frvqucaer  Cam  Function,  Ho. 


43 

Frequency  Gem  Function.  Kq  j 

i  .00 

dB 

45  j  Amoaphrnc  Aboorption,  Aa 

t 


^  j  Eaaic  Transfntaaien  Loaa  (or  a  Scatter 

I  Path,  L»bsf 


!  '7  c  (Item  S4  ♦  Itr«  IS)  *  Itaa  36 


Sea  Fiffur*  S>7.  U>  a  ha 


i 

I  See  Fiffure  S>7.  Uar  ha  S  ^ 


See  FtFufv  6*  0  Uae  ha 


1/3  s  (Item  30  *  Iter  i  39)  *  Item  40 


See  F tpure  5  •>  9  U  ••  ha 


Ilea  42  *  Item  33  0  41  .  It 


Item  37  or  Item  43 


See  Ftfure  4*7 


I  30  ioc  (Item  TO  log  (Uere  9)  *  Item  37 

}  ♦  Item  44  *  Item  45  *  90 


49  CriectWe  DIatnmc*.  4^ 


Long  Temt  Fadinc  Parameier  (or  CliaMiir 
Reg im  n.  V„(  ^O.da) 


Long  Tem»  Cad:nc  Parameter  (or  Ctimatic 

Peg.i-M  n.  >>(99,9.4#) 


If  Item  9  ^  hem  47  ♦  Item  40. 
130*  hem  9/(hera  47  ♦  Item  40) 
If  Item  9  >  hem  47  *  Item  40. 

130  ♦  hem  9  -  hem  47  —  heta  40 


4B  I  See  Figure  4 •  I 


4B  See  Figurea  a-  9  through  4>  23 


Figure  A5. 


Case  5  Troposcatter  Path  Calculation 
(Sheet  2  of  2 ) 


B.5;  TROPOSCaTI  fcR  PATH  CALCULATIONS 


v*CTon 


^  I  Terminal  ClevaltoW  *Abov«  Sea  Level, 
;  TX.  ht- 


I  Aairn.ia  Etevaiton  Above  Sea  Laval, 
I  TX.  h,. 


I  Anteruia  Elevation  Above  Sea  Lavol, 

I  RX.  h„ 


i  RaCio  Horixon  Elevation  Above  Sea 
I  Level.  TX.  bu 


Rartio  Hortxon  Elevation  Above  Sea 
Level  RX. 


I  Diaiancc  to  Radio  hortcon.  TX. 


I  Diatance  to  Radio  Horicon.  RX.  dL« 

I 


Path  Loafth.  4 


Averaie  Elevation  of  Radio  HonAana. 


I  Averece  Elevation  of  Terminala.  ha2 


I  Avarat*  Clevatieo  of  R«fra<un(  Sunlaca, 
Ih- 


Maaa  Rtfraetivity,  Np 


I 

I  Refraetivitr  Refrociific  Surloet, 


I  F.ffei-ttve  £orth‘a  Rodiva.  a 


I  Mean  r.l«»vaH«vi.  TX  1«’nfninal  TX 
>  Radio  llueixon. 


I  Mean  Elevalier..  RX  Tcmiinal  to  RX 
I  Radio  Horizon,  hV 


I  Eflrclive  Anionna  Heishl.  TX,  ti|^ 


Effective  Antenna  Heifht.  RX,  hy* 


Aaicona  Elavation  Anfla,  TX.  Vet 


Antenna  Elevation  Ancle.  RX.  6er 


390 


10. 8 JO 


.005 


.000963 


.000963 


.0('  1  6  10 


km  Freet  Pnth  ProfUo 


Freea  Path  Profila 


From  Path  ProfUo 


From  Path  Profilo 


From  Path  Profila 


Frum  Pnih  Profile 


km  From  Path  Ptonia 


From  Path  Profila 


From  Path  Profilo 


fltem  5  e  item  ty/7 


(Item  I  *  Item  2)/3 


Minimum  (Item  10.  11) 


Soe  Faearo  4*1 


(Itata  13>  esp  (»fi.t0«7  a  Item  )2> 


km  So*  Ficuro  4*3 


km  From  Path  Ptofllo 


From  Path  Profila 


If  Item  16  >  Item  1.  I  em  3  —  Item  I 
If  Item  16  V  Item  t;  I  rm  ^  —  lies  16 


If  Item  *7  >  Item  2.  lien  4  —  Item  2 
If  Item  IT  <•  Item  2.  item  4  — .  Ites  17 


tvd 

Item  U  Item  3  —  Itec;  4 

2  1  Ite-r  IS  *  lies  9 

{  rod 

Item  b  hem  4  — .  Item  3 

3  .  1..-.  15  *  l,.=  i 

rod 

Item  22  *  Item  23 

ll.n  23/li«ai  21 

km 

Item  24  a  Item  R 

Figure  A6.  Case  6  Troposcatter  Path  Calculation 

(Sheet  1  of  2) 


95 


#eAro«M«wcc  rAcro« 


6d*^  10.  S*c  T 5'3 

6d  >  10.  S*«  Firtrr*  <*»•  *•* 

If  *  >  t.  u>r  I /t 


I  Norm«ltx«d  Height  .>(  Honsoa  Ray 
I  Crossover. 


1 

9 

1 

X>  1 

NOTE:  II  a.  ^  1,  Use  Items  34-37 

— 

1 

Otherwise  go  to  Step  38 

I  Froqueacy  Csia  Functioa.  H« 

37 

NOTE:  U  Af  <  1.  use  Itetts  JA  «>  43 


Ho(M) 


HatO) 


Ak* 


4l  I  Freoueacy  Cam  Funcuoo,  Ha.  as 


I 

43  I  Frequeacy  Com  Fuaetien.  Ka.  as  sr  0 


43  I  Frequency  Com  Functloa,  Hq 


Frequency  Com  Funclloa.  Ho 


45  I  Atmospheric  Absorption.  Ao 


^  I  Basic  Transmission  Loss  for  a  Scattt 

I  Path,  Lpsr 


49  crrectleo  Dlataac*.  4^ 


I  Long  Term  Fading  Parameter  (or  Cliamilc 
I  Regim  n,  V^f^Q.d^) 


SI 


Long  Term  Parameter  for  ClimolM! 


«.  Vn(99 


(  I  *  Hem  2S^ 


See  Figure  S* 6 


Item  JO 


Oiem  29>  a  (Uett  2S) 


Set  Figure  &•? 
If  rio  >  S.  oae  5 


S«*e  Figure  S*7 
If  So  >  S.  UBS  S 


See  Figaie  t 


1  ^3  B  (Item  34  ♦  Item  SS)  ♦  Itoai  M 


Set  Figure  S>7.  Uat  Bs 


See  Figure  S>7.  Use  Ba 


Set  Figure  A  Use  Ba 


S/2  B  (Uea  38  *  ltrr<  19)  *  Stett  40 


Set  F  igure  5^9  U  *0  Ba 


Item  42  e  Ittm  32  O  '*  41  .  Ham  43) 


I’.em  37  ar  tie*  43 


See  Figure  4*7 


3D  log  (Hem  28)  —  ZD  log  (Iters  9)  v  l;tm  27 
♦  Hem  US  ♦  Hem  45  ♦  90 


6X0.l/Iteai  38)'^3 


v’^live  IB  •  y'livm  If] 


If  Item  9  <  Hem  47  •  Item  48. 

130  1  Item  9/(Hem  47  ♦  Hem  48) 
If  hem  9  >  Hem  47  v  Item  48, 

130  *  Hem  9  —  Item  47  •  Iteta  48 


See  Figure  4*8 


See  Fiicuret  4>  9  through  4*  3} 


Race  »  oe  I  PouKt 


Figure  A6.  Case  6  Troposcatter  Path  Calculation 

(Sheet  2  of  2) 


96 


a-5:  TROPOSCATTER  PATH  CALCULATIOHS 


I  re«ro«MAWCC  f»*CTCM 


)  TcrmtAAl  Etrvstio«{  *Abo«« 
i  TX.  h,. 


I  Elew«t»on  Above  Level, 

j  RX.  bpp 


^  I  Anten.i«  Elevation  Above  See  Level, 

I  TX.  h„ 


Antetui*  Elevetion  Above  See  Level, 
RX.  hn 


Honton  Eleveiion  Above  See 

*  I  UtYrl.  TX.  hu 


Rertie  Horixofi  ElevviioA  Above  See 
Level  RX.  hi.. 


7  I  Oieience  Co  Re<tio  HartMoit,  TX.  ^^4 


t  I  Dietcnce  to  Redao  Horieen.  RX,  dL< 

I 


Pbth  Leeftb.  d 


IQ  Averece  Elevedon  ci  Redie  Horeroae, 
^*1 


11  I  Averx (v  ElevettoA  of  Termuiele.  he] 

1 


I  Averbfe  Elevettoa  of  Relrecung  Surtbce, 


IS  I  Keea  RefrecUvitx,  N 


14  Refreotivirr  et  Refreettec  Surfeee.  R 


IS  I  F.ffvt-llve  Eerlh'e  Rodlun.  • 


)  Sleen  Eicvetien.  RX  Teneinbl  !•  RX 
I  Redio  HoraSbo,  hr 


II  Effective  AAienne  Height.  TX,  h|^ 


19  I  Effective  Antenna  Height,  RX,  hw 


20  I  Aoteane  Eleeatioo  Angle,  TX. 


21  Aniefioe  Elevetion  Asgle,  RX.  ^er 


24  Scatter  Angle.  0^ 


2S  Pefh  AeavfninetfT  Pbrameier.  • 


26 


AFCS  o7*v4  7Q9  -gvieco 


••  v  «  MO  «  (  7  C» 


PbUt  ProfUe 


Fro«  Path  PvbfUe 


Froet  Path  Penflle 


FtoA  Pnth  Profile 


FroA  Path  Piafa# 


Fiua  Path  Profile 


Path  Profile 


Froea  Path  Profile 


Fran  Pnth  Profile 


(Item  5  ♦  Item  6>/2 


(Item  1  e  Item  2)/2 


Umlmmm  (Item  10.  Item  It) 


Soe  Ftfttro  4*1 


(Item  13)  etb  (-0.10  «7  i  Itetb  13) 


See  Pigwro  4*3 


From  Polh  Ptonia 


If  IietB  16  >  Item  1.  t  rrrt  3  »  (tea  1 
ff  Item  16  *.  Item  I.  I  en  .)  —  lies  16 


If  Item  17  >  Item  2.  Me-*  4  —  ties  2 
If  Item  17  <  Item  2.  item  4  —  Ites  17 


-.00J098  I  "■* 


-.00l09t^ 


Item  6  ~  Itp 


Item  B 


Item 

Item  3  «,  Item  4 

2  1  Herr  15 

^  *  lies  9 

Item  V 

■  Item”  IV  •  **^"‘2*  ' 


Item  22  v  Item  32 


Itroi  23/liam  23 


lies  24  a  Ham  9 


R^T  PACC  HO. 


Figure  A7.  Case  7  Troposcatter  Path  Calculatior 

(Sheet  ]  of  2) 


Figure  A 7. 


Case  7  Troposcatter  Path  Calculation 

(Sheet  2  of  2 ) 


98 


B.5.-  TROPOSCATTER  PATH  CALCULATIONS  .,»« 


.  I  TrmttASI  Elvvaito<{  *Abow«  Li«ir«l. 

I  rx.  h,. 


I  Tcnnmal  Eivvattwi  Above  Lovol, 

I  FX. 


Ant«fi.ia  Elovoiton  Above  Sea  Lovol, 
TX.  htc 


^  I  Antenna  Elevation  Above  Sea  L^vol. 

I  RX.  h„ 


{  Radio  Horison  Elevation  Above  Soa 
’  I  TX.  ku 


Radio  Horiaofi  Elevation  Above  Sea 
Level  RX.  hi.. 


Diatance  lo  Radio  Horteon,  TX.  d^ 


Diaianee  lo  Radio  Honaon.  RX.  dLf 


Path  Lobflk,  d 


i  Averate  Elevation  of  Radio  Honaooa. 

Ual 


II  I  Average  Elevation  of  TerminaU.  ho2 


•  «  I  Aveeage  Elevation  of  Refracting  Suffaca, 


li  I  Mean  Rtfraelivity,  No 


]4  I  Refroeiivirr  at  Refranuig  Swrfoee.  No 


IS  Effevtlve  Earth'a  Rodlva.  a 


I  Mron  r.trvalliai,  TX  Irnninal  TX 


i  Radio  llurtson. 


Mean  Clevotion.  RX  Tevnilnal  t«  RX 


Radio  Honaon.  hr 


II  Effective  Antonno  Height.  TX.  h|^ 


Fro*  Path  ProfUo 


Fro*  Pnth  Pfofilo 


Fro*  Pndi  Profile 


Fnen  Pbtti  Profile 


Fro*  PniK  Ptoftle 


Fro*  Pnth  ProfUo 


fltea  5  ♦  !io*  6)/3 


(Ite*  1  ♦  Ito*  2)/3 


Hini*iwo  (He*  10.  tlthh  11) 


dta*  13)  oapf^fXIO*?  a  turfo  13) 


If  Ite*  16  ^  Ite*  I.  )  em  i  ^  lies  I 
If  liera  16  ^  he*  1.  t  e*  .1  *  lies  IS 


If  hem  17  >  he*  2.  he*  4  *  Iteo  2 
If  hen  17  <  he*  2.  item  a  —  hrs  17 


34  }  Scoiter  Angle. 


3S  (  Path  Aoaf**etry  Pororaoter.  a 


hen  o  hen  a  •  Item  3 

r.  hem'lS  "  2*  •  - h^TT - 


Item  33  •  lie*  33 


He*  23^te*  33 


lie*  2d  c  He*  9 


ires  .T*?.  w 


•I.T  Race  HO. 


Figure  A8.  Case  8  Troposcatter  Path  Calculation 
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EFFECTIVE  EARTH'S  RADIUS.  0,  IN  KILOMETERS 
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Figure  AlO.  Normalized  Heigh!,  of  Horizon  Ray 
Crossover,  r,  ^  (Ref  1:  Figure  5-6) 
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Lgure  A12.  Frequency  Gain  Assymetry  Function,  Ah  (Ref  1:  Figure  5-8) 


(‘7,*o)  IN  o'ciect. 


05 


VITA 


H.  Stephen  Story  was  born  in  Denver,  Colorado  on  17 
January  1948.  The  son  of  an  Air  Force  officer,  he  I'rew  up 
in  many  different  places,  graduating  from  high  school  in 
Wheatland,  California  in  1965.  In  June  1970  he  received  the 
degree  of  Bachelor  of  Science  in  Electrical  Engineering  from 
Virginia  Polytechnic  Institute  and  an  Air  Force  commission 
via  ROTC.  Entering  active  duty  in  July  1970,  his  military 
assignments  have  included  the  727th  Tactical  Control 
Squadron,  Bergstrom  AFB,  Te.xas;  1st  Combat  Communications 
Squadron,  Lindsey  AS,  Germany;  and  the  Tactical  Air  Forces 
Interoperability  Group,  Langley  AFB,  Virginia.  In  June  1979 
he  was  assigned  to  the  Air  Force  Institute  of  Technology  to 
pursue  a  masters  degree  in  electrical  engineering. 

Permanent  Address: 

3434  South  Akron  Street 
Denver,  Colorado  80231 


108 


REPORT  DOCUMENTATION  PAGE 


R  E  T  N  M  :J  r  R 


AKiT  (;k  kk  son— 10 


T  I  T  F,  ,tinj  :  i  ;lf 


2  GOVT  ACCLGblO‘4  NO., 


KKAI)  INSI  Kl-C  rir>\S 
lil-  l-OK’K  >'■' KOHM 


-  I  i '  I  t-  f,  T  •  A  T  A  L  .  ’-J  R  J  rt  E 


TH.WSMT.SSIOX  LOSS  I'HKU  FCT  TON’  FOR  TIIK  A.N 'TliC-97A 
0\!'R  A  TROI’OSLIIFRIC  SCA'l'TKR  RATH 

AJTjhQR  m  j 

H.  Sti'pficti  St(ir\' 

Captain  USA!' 

P  E  R  P”  O  R  M  '  N  0  0  R  Cl  A  M  Z  A  T  !  O  N  N  M  r,  A  N  O  A  O  O  R  E  S  $  ' 

Air  VAo'ce  Institute  of  Technolo|iy  (AFTT/EN) 
Wrioht-Patterson  AFB,  Ohio  45433 

I  CON'^RCLLINO  j'-’“lCE  NAME  AND  ADDRESS 


[  5  type  op  report  a  PERIOD  D  D  v  E  R  D  D 


MS  Thesis 


6  PERPCRMInSORG  report  N’_>  Mb  lr 


3  contract  or  grant  number 


10  P  ROG  R  A  M  r  L  L  M  E  N  T,  P  PO  J  E  C  A  a 
AREA  ,5  AClRK  jNlT  NUMBERS 


;  2  oi  PjRT  DATE 

_ 12  December  i960 

U  NUMBER CE  pages 


I  MONiTORiNj  •••oEN’v  nAME3i  A  0  D  R  ESS' U  li /<eri*n  t  from  e.>nf  foM  ir.,C  Of  Ij  .•  o  •  'S  =£  C 'j  R !  T  V  CU  A5G  '  of  rh  i  s  rep.  rf , 

Unc I  ass i f i eh 


CEOw  A5?,|FICA-^10N  DOiVNGPAD.NG 

schedule 


OiSTRiPjTiON  statement  (of  ihn,  fifp.yrf- 


pro\'ed  for  public  I'clease;  di  stri  bution  unlinited. 


DISTRIBUTION  statement  Oj  /»<f  r/i  2C.  H  -.it  I  fct  vkl  trorf.  H 


1  •  n  '  .  ' 

Aa,v  V.  ^ 

A|lprdveu  for  public  lease;  lA'.V 
Frederick  C.  I.yiieh,  'Maj’i;!-,  USAF 
Oireetnr  eP  F’uhlie  Affairs 


5UP=LEMEmTAHY  notes 


key  ^ORDS  (Cijtilmue  <yn  rexorsv  •mii-  if  nr.  nrri  i./rn't/v  .‘»v  ntiniherf 


i'r'ep.  ■  r  i  e  seat:  1 1.'  r  .'nnimur.  ’  l  a  t  i  utis 


4  ;j  3  r  pj  rt  ;;  7  L  ' n ■  j  •  i-t  r"  v-T.ir  •,!  Je  ,'f  f>r  c  r  •»  sary  air-i  i  If'tUitv  f'v  ■■I  >yk  n'urffr  ■ 

[bis  ri  ■:  •'  a  r.  b,  i  rivc:- f  i  aa  t  c-s  I  faiism  i  ss  i  on  loss  predi.l  i.-i,.-  fc!’  a  ,’i'ir 
aitical  t  I'T',  i  alt  er  r’adio  system.  The  aii.ilyiis  is.  hasod  on  t!;r  .\N  i  HC 
'ad  I  o  set,  hut'  tb.'  eonelusiiuis  re.'iehod  slruiltl  ajip  i  to  simiiar  tropo.sat 
;yst('ms  operatine  at  frequencies,  from  I..)  to  S.o  tills  ard  oeet  .ii.  i.iiiees  ( 
to  km  or  l("s,.  A  yetnral  an.'il\'sis  of  the  t  ropose.i  t  '  ei-  pa'b  is  |n'i  foi"!., 
ietorni'e  the  sensitivity  of  '  1  t-arr-m  i  i  on  1..,:,  t,,  the  \arious  pbenoi:!. 

.!ii''!;  I  on  1- r  i  hu  th,.  loss..  Tli.it  eornpor’i  o'"  ‘he  lo.'.s  wlii  b  is  'isurn 


security  classification  of  This  pace  HTi, 


L,  ASSi  f  1C  ^  TK  n  or 


c 


